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SUMMARY
- A n  a ttem pt has been  m ade to com pare anodic sy n th esis , m alonation, 
and chain-extension  w ith enam ines as p ro ced u res  fo r converting read ily - 
availab le acids to h igher hom ologues.
Anodic syn thesis  w as successfu lly  employed to p re p a re  e s te rs  of 
sev e ra l olefinic acids (20:1 11c, 22:1 13c, 20:2 11c 14c, 22:2 13c 16c,
20:3 8c 11c 14c), acety lenic acids (18:1 16a, 18:1 17a), and sa tu ra ted  acids 
of ^odd’ chain length (13:0, 15:0, 17:0, 19:0, 21:0). T he d esired  e s te rs  
w e re  reco v ered  from  the reac tio n  products by colum n chrom atography 
and fu r th e r  purified  when n e ce ssa ry  by c ry s ta llisa tio n . Y ields w ere  usually  
in  the range 40-50%.
Some difficulty w as encountered with acids having 5 and A 6 
u^sa tu ra tio n  and th is m ade the chain-extension  of Y -lino len ic  acid  by 
th is p rocedu re  u n sa tisfac to ry . A p o ssib le  reaso n  fo r th is is  descussed .
An e lec tro ly tic  p ro ced u re  fo r converting long-chain  acids 
(RCO^H) to th e ir  no r-a lco h o ls  (ROH) has been exam ined : o le ic , lino le ic , 
and ric in o le ic  acid  w ere  converted  to the corresponding  alcohols.
O leic, lin o le ic , a  -lino len ic  and Y -lino len ic  acids w ere  
successfu lly  converted  to th e ir  C^q homologues in  70-80%yield  by an 
im proved m alonation p ro ced u re  which w as recen tly  desc rib ed . In  one case  
the m alonation w as rep ea ted  to give a  acid .
T he enam ine chain-ex tension  p rocedu re  w as b rie fly  exam ined 
using  cyclopentanone and cyclohexanone to fu rn ish  heneicosanoic and 
eicosanoic acids re sp ec tiv e ly .
(viii)
13T he C NMR sp e c tra  of the s ta rtin g  m a te ria ls  and p roducts have 
been  reco rd ed . I t  has p roved p o ssib le  to a llocate  the observed  resonances 
(with g re a te r  o r le s s e r  certain ty ) to a ll the constituent carbon  atom s and 
som e in te re s tin g  g en era lisa tio n s  a re  p resen ted .
A m inor study w as concerned witli the p rep a ra tio n  of long-chain  
hydroperoxides and perox ides by reac tio n  of the m esy la te s  of som e p rim ary  
alcohols (s tea ry l, o ley l, linoleyl) with hydrogen perox ide and t-butyl 
perox ides. Some secondary  perox ides w ere  fo rm ed by a s im ila r  reac tio n  
w ith ally lic  b rom ides.
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An abbreivated form  fo r system atic  nam es of fatty acids and the ir methyl 
e s te rs  is  frequently used. F o r example, oc tad ec-  ci s -  9- enoic acid, ie . 
oleic acid is  abbreviated as 18:1 (9c). The num bers 18 and 1 give the 
num ber of carbon atom s and the num ber of unsaturated  cen tres , respectively . 
The expression in  paren thesis  (9c) indicates that the unsaturated  cen tre  is  
located between C(9) and 0(10) and is  a c is  double bond; ” t" denotes a trans 
double bond and "a” stands fo r an acetylenic bond.
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SUMMARY
An attem pt has been made to com pare anodic synthesis, malonation, 
and chain-extension with enam ines as procedures for converting read ily - 
available acids to higher homologues.
Anodic synthesis was successfully  employed to p rep a re  e s te rs  of 
severa l olefinic acids (20:1 11c, 22:1 13c, 20:2 11c 14c, 22:2 13c 16c,
20:3 8c 11c 14c), acetylenic acids (18:1 16a, 18:1 17a), and satu rated  acids 
of ’odd’ chain length (13:0, 15:0, 17:0, 19:0, 21:0). The desired  e s te rs  
w ere recovered  from  the reaction  products by column chrom atography 
and fu rth er purified when necessary  by c rysta llisa tion . Yields w ere usually 
in the range 40-50%.
Some difficulty was encountered with acids having 5 and / \ 6  
unsaturation and this m ade the chain-extension of Y -linolenic acid by 
this procedure unsatisfactory . A possib le  reason  fo r this is  descussed.
An electro lytic  p rocedure  for converting long-chain acids 
(RCOgH) to the ir nor-alcohols (ROH) has been examined : o leic , linoleic, 
and ricinoleic  acid w ere converted to the corresponding alcohols.
O leic, lino leic , ot -linolenic and Y -linolenic acids w ere 
successfully  converted to the ir C homologues in 70-80%yield  by an 
im proved m alonation p rocedure which was recently  described . In one case  
the m alonation was repeated  to give a acid.
The enamine chain-extension procedure was b riefly  examined 
using cyclopentanone and cyclohexanone to furnish heneicosanoic and 
eicosanoic acids respectively .
(viii)
13The C NMR sp ec tra  of the starting  m ate ria ls  and products have 
been recorded . I t has proved possib le to allocate the observed resonances 
(with g rea te r o r le s s e r  certainty) to a ll the constituent carbon atom s and 
som e in teresting  generalisations a re  presented .
A m inor study was concerned with the p reparation  of long-chain 
hydroperoxides and peroxides by reaction  of tlie m esylates of som e p rim ary  
alcohols (steary l, oleyl, linoleyl) with hydrogen peroxide and t-butyl 
peroxides. Some secondary peroxides w ere  form ed by a s im ila r reaction  
with allylic brom ides.
PART I
S Y N T H E S I S  O F  L O N G - C H A I N  
F A T T Y  A C I D S  AND S O M E  
D E R I V A T I V E S
I N T R O D U C  T I O N
INTRODUCTION
NATURAL ACIDS
Although a wide v arie ty  of fatty  acids occur naturally , p a rticu la rly  
in  the vegetable kingdom, the g rea te r p a rt of the total fatty acids in nature 
is  accounted fo r by a sm all num ber of acids, such as oleic, linoleic , 
palm itoleic, palm itic and a few o thers^ . These a re  all s tra igh t-chain  
satu rated  o r  unsaturated  (olefinic) acids. T hree types of long-chain acids 
may be distinguished according to the ir s tru c tu re  and the extent to which 
they occur : those which a re  w idespread and a re  m ajor constituents of 
natu ral lip ids, those of s im ila r  s tru c tu re  which a re  generally  m inor con­
stituen ts, and those of unusual s tru c tu re  whose occurrence is  lim ited  to a 
few sou rces, w here however they may account for a la rg e  proportion of the 
fatty  acids p resen t. These acids, w hether "m ajor” , "m inor” o r " r a re ” 
accum ulate as end-products of m etabolic p ro cesses , and may be extracted, 
investigated and utilized by man.
MAJOR FATTY ACIDS
The m ajo r fatty  acids a re  all satu rated  o r unsaturated  mono- 
carboxylic acids with a s tra igh t, even-num bered carbon chain; the reason  
fo r this s tru c tu re  re s ts  on th e ir biosynthesis. The saturated  homologues, 
lau ric  (dodecanoic), m y ris tic  (tetradecanoic), palm itic (hexadecanoic) and 
s tea ric  (octadecanoic) acids a re  p resen t in  m ost vegetable fa ts  but even m ore 
abundant a re  the unsaturated  analogues oleic (octadec-cis-9-enoic), linoleic 
(octadeca-cis-9 , c is -1 2 -d ienoic) and 0 £ -linolenic (octadeca-cis-9 , c is-12 , 
c is-15-trieno ic) acids. T hese seven acids w ere said to account fo r 94% of
2all those in the w orld’s com m ercial vegetable fats in 1969 . In general 
they a re  widely distributed  throughout plant lipids often with palm ita te , 
oleate and linoleate predom inating. These unsaturated  fatty acids illu s tra te  
the general ubiquity of the c is  double bond in  the 9- position and of the 
1 ,4 -d iene  o r ’’m ethylene in terrup ted” s tru c tu re  (*CH : CH’ CH^'CH ; CH*) 
in the poly enoic acids.
MINOR SATURATED ACIDS
The low er fatty acids (C^- occur mainly in  m ilk fa ts  and a few 
seed fa ts . Cow m ilk  fa t contains butanoic acid (10% with sm alle r amounts 
of the 0 - ,  G , and C. acids ; sheep and goat m ilk fa ts  contain theseD o iU 1A
sam e acids with decanoic in  g rea te s t amount (up to 10%. The acid is  a 
m ajo r component (60%) in the seed fa t of the elm , and the Cg and acids 
(each 5-10% ) accompany the higher proportion of lau ric  acid in  coconut oil 
and to a  le s s e r  extent, in  palm  kernel oil both of which a re  read ily  available. 
Long-chain acids (up to C ) a re  p resen t in  waxes as e s te rs  of long-chainoo
1alcohols, but they a re  m ost conveniently obtained by synthetic procedures .
The higher fatty acids (C^^-Cg^) a re  m ajor components in only a 
few uncommon seed fa ts .
Fatty acids of odd carbon atom s a re  m inor components. E arly  
rep o rts  of natu ral odd acids w ere generally  invalidated by subsequent 
investigation. The acid, fo r exam ple, was generally  a m ixture of 
and C^g acids. M ore recen tly , however, there  has been incontravertib le  
evidence of odd acids as  tra ce  o r  m inor components. T race s  of 
pentadecanoic and heptadecanoic acids a re  p resen t in  leaves (Stumpf and
3Jam es 1963) . Saturated odd acids have been identified in anim al fats 
(C^-Cgg), wool wax and sebum lipids (C^-C^^), fish o ils som e
vegetable fa ts  (C^g-C^g), and som e m icro -o rgan ism  lipids In
only a  few cases do the odd acids exceed 1- 2% of the total and generally  they 
a re  much le ss  than this.
MINOR UNSATURATED ACIDS
H exadec-cis-9-enoic acid is  a constituent of nearly  a ll fa ts but a
m ajo r component only in fish  oils and a few seed o ils. The 3t iso m er has
been discovered in  a num ber of sources and the 11c acid is  a m ajor com -
2ponent of one seed oil (Doxantha unguis-cati) .
Among C and C acids, erucic (22:l;13c) is  b e s t known as the 
chief acid in  many seed o ils of the C ruciferae and T ropaeolaceae (e. g, 
m ustard  30% , rape 40% ) w here i t  is  usually  accompanied by sm alle r 
proportions of a C^^ acid (2 0 :l;llc ) . Iso m ers  of these two acids (20:l;9c 
and 22 :1 ; 11c) a re  im portant constituents of many m arine o ils and the two
25c iso m ers  (C^g and C^g) a re  p re sen t in  a seed oil (Limnanthes douglasii) .
Arachidonic acid (20:4 5 c8 c llc l4 c ) is  the b e st known of the h igher, 
polyunsaturated fatty  acids because of its  w idespread occurrence  in anim al 
lip ids, as a tra ce  component in  som e g lycerides and a m inor o r m ajor 
component in phosphoglycerides. It is  frequently accompanied by 20:5,
22:5 and 22:6 acids.
RARE ACIDS
The unusuaT structural fea tu re  of r a r e  acids is  generally  a
substituen t/o r an im saturated  bond in an abnorm al position. These acids 
may be conveniently divided into six  groups :
i) Non-conjugated polyene acids : Non-conjugated polyethenoid acids
of which many a re  known to occur in  anim als, plants and m icro -o rgan ism s.
The m ajority  of these acids belong to the C , C , C and C se r ie slb lo 21) 22
though they contain mainly 2-4 double bonds penta- and hexa-enoic acids 
a re  known. T hese a re  commonly found in  fish  oils and in  anim al phospholipids.
ii) Conjugated polyene acids : P rac tica lly  all a re  C^ _ compoundslo
and alm ost one-half of them contain an additional oxygenated function which 
is  often attached to a carbon atom adjacent to the unsaturated  system . Many 
of the acids contain an additional iso la ted  double bond in  the term inal position. 
The conjugated system s usually  contain two o r three unsaturated  cen tres  and 
s ta r t  a t e (2), C(8), C(9) orC (lO ).
iii) Acetylenic acids : such as ta r ir ic  (18:1 6a) and stearo lic
(18:1 9a) a re  known. Poly-ynoic acids a re  m ainly conjugated acids, occur
1m ost commonly in seed oils from  two fam ilies Olacaceae and Santalaceae .
iv) Substituted acids : R icinoleic acid j p - ( + ) - 12-hydroxyoctadec- 
c is-9 -eno ic  acid j is  the m ajo r acid in  cas to r oil. R elated acids include (1) 
17-hydroxy oleic acid which accom panies 17-hydroxy s tearic  acid in  an 
ex trace llu la r oil form ed during ferm entation of a s tra in  of Torulopsis 
magnoliae 11) 9-hydroxy-octadec-12-enoic acid p re sen t in Strophanthus 
seed oils 111) Lesqueriolic acid j p - ( + ) - 14-hydroxyeicos-cis-11-enoi<^ 
which is  the 0^^  homologue of ric ino leic  acid p resen t in  m ost L esquerella
seed oils^'. Low er homologues of ric inoleic  acid (unsaturated and
and satu rated  and hydroxy acids) a re  p re sen t in  the fat of ra ts  
fed on casto r oil. 18-F luoro-o leic  acid is  the poisonous princip le  of som e 
unusual seeds. T h ere  ex ists also an in te resting  se r ie s  of G^g epoxy acids 
which m ay be derived from  oleic, linoleic and linolenic acids^.
These hydroxy and epoxy acids a re  p resen t in  g lycerides of certa in  
fungi and som e seed oils and include 9, 10-epoxy s te a ric , 9, 10-epoxyoctadec- 
12-enoic (coronaric), 12, 13-epoxy oleic (vernolic) and 15, 16-epoxylinolenic 
acids.
v) B ranched-chain acids : Though a g rea t m ajority  of fatty acids 
a re  stra igh t-chain  compounds, o thers have a branched-chain  o r contain a 
cyclic group. The m ost widely d istributed branched-chain  acids have a 
single methyl substituent attached to the penultim ate (iso) o r antepenultim ate 
(anteiso) carbon atom^.
The la tte r  a re  generally  dex tro ro ta to ry  and belong to the L -se r ie s .
CH -CH* | c h 1  .COOH C H X H  .ÇH [cHj COOH«3 ^H  L 4J n 3 2 L 41 n
iso -acids (mainly even) an teiso-acids (mainly odd)
Acids of these two s e r ie s  accompany n-acids in  m ost waxes. 
Sometimes the oc -hydroxy (D -series) and w-hydroxy acids of a ll th ree  
se r ie s  a re  also p resen t.
A group of New Zealand w orkers , led by Hansen and Shorland, 
found a m ore  lim ited range of odd acids (C^^-C^^) as tra c e  constituents of 
many anim al fats^ .
In addition to the iso - and anteiso-acids other branched-chain  
acids a re  known in which the metliyl group occupies a  m ore cen tral position
f!such as D -(-)-10-m ethy lstearic  acid (tubarculostearic^ o r in  which there 
a re  severa l methyl groups on a lte rnate  carbon atoms usually  close to the 
COgH group (eg. C^^-m ycosanoic acid CH^ CHMe» CHMe» COgH,
Cg^-phthienoic acid CH^- jc H ^  CHMe- CHMe- CH=CMe. CO^H)
3 ,7 ,1 1 ,15-tetram ethylhexadecanoic acid and 2 ,6 ,1 0 ,14-te tram ethy l- 
pentadecanoic acid, a re  thought to be derived from  the diterpene phytol 
by p a rtia l oxidation^.
4vi) Acids containing cyclic system s ; Hofmann and Lucas (1950) 
Isolated from  the lipids of Lactobacillus ararb inosus an unusual fatty acid
which they la te r  found to be 10- ( 2-hexylcyclopropyl)-decanoic acid,
A “ 2 4CH (CH ) -CH-CH-(CH ) CO H. Nunn obtained a m ore unusual fatty 3 2 5 2 J 2 CHo
/ Vacid, ’S terculic acid’ C ( C H ^ ) = C -  ( C H ^ ) O ^ H  from  the seed oil of
4Sterculia  foetida. C hris tie  has review ed the occurrence, s tru c tu re  and 
biogenesis of the cyclopropane and cyclopropene acids.
Cyd o p e n t-2 -ene acids ; chaulm oogra and re la ted  seed oils of the 
fam ily F lacourtiaceae contain acids having a cy dopen t- 2- ene group such as
= v .^  CH^ll^COOH
ll-C ydohexylundecanoic acid is  a trace  component (0, 01%) of
4bu tter fa t and is  suggested to occur in the bovine rum en b ac te ria  .
A vailability of pu re  fatty acids
When a fatty acid is  requ ired  fo r study attention has to be given to 
d iree possib le sources. Some acids, such as oleic and linoleic, occur in 
such la rg e  amounts in readily  available sources, that they can be isolated  
from  these in a pu re  s ta te  (>99% ). O ther acids, which do not occur in 
nature  o r  a re  extrem ely r a r e ,  can only be conveniently obtained by complete 
synthesis. Yet a third group a re  m ost easily  obtained by m odification of the 
readily  available acids.
T here  follows a review  of the m ajo r chain-extension procedures by 
which readily  -  available fatty acids may be converted to the ir higher 
homologues.
P rep ara tion  of satu rated  and unsaturated  fatty acids by chain-extension
1. Addition of one carbon atom
The conversion of an acid to its  homologue with one additional carbon 
atom has been c lassica lly  effected by a se r ie s  of steps in  wliich the im portant 
one is  the conversion of an alkyl halide to a cyanide. The com plete sequence 
is  :
RCO^Me   5^RCH.OH R C H .C l Ï-RCH CN >-RCH_CO^Me2 2 2 . 2  2 2
In a recen t m odification of this Baumann and Mangold^ trea ted  an 
allcyl methanesulphonate (obtained from  the alcohol) with potassium  cyanide 
to give a n itrile .
None of the reactions affect olefim c groups so that this reaction  
sequence may be safely applied to satu rated  and unsaturated  acids. It is
very  commonly used  to produce isotoplcally labelled acids with the ass is tan ce  
of labelled cyanide.
2 . Addition to two carbon atom s by Malonation
The m alonic e s te r  synthesis constitutes another c lass ica l method fo r 
increasing  the chain-length of aliphatic compounds. This has been applied 
to the synthesis of a varie ty  of long-chain acids. The reaction  involves the 
following steps :
C H g(C O gEt)g-2!E2^ CH (COgEt)  ^ > RCH(COgEt)^
 >- RCH(COgH) ---------- ► RCHgCO H
Bleyberg and U lrich^ applied the m alonic e s te r  synthesis to the
preparation  of the C^q, and alkanoic acids. Longer
7acids up to C w ere  p rep ared  by F ranc is  e t al .OO
B ranched-chain acids can also be obtained by chain-extension of
secondary alliyl brom ides.
A recently  described  im provem ent of the method involves the u se
of a  m esy late  ra th e r than a brom ide as alkylating agent (in many cases  both
would be obtained from  the corresponding alcohol). In ethanol sa tu rated
8ethyl e thers a re  form ed as by products so M arcel and Holman substituted 
benzene fo r ethanol and c a rr ie d  out the reaction  in  a sealed  ampoule a t 100°
9for 5hr with yields around 50% . Spener and Mangold have fu rth e r im proved 
the reaction . A m esylate  is  used to a llg la te  the diethyl m alonate carbanion 
in  xylene; saponification of the diethyl alkylm alonate and decarboxylation 
of the corresponding acid a re  c a rr ie d  out foUowing estab lished  p rocedu res.
NaCH(CO c  H )
R-OSO^CHg----------------= - = - ^  R-CH(COgCgHg)g.
1 . hydrolysis
2-CO,
R-CHg-COOH
Using this im proved syntlietic p rocedure Spener and Mangold 
p repared  eicosenoic acid (20:1,11c) from  octadec-cis-9  enoic acid in 
85-95%  yield.
3. Addition of two o r m ore carbon atom s by Anodic Synthesis
Kolbe e lec tro ly sis  is  one of the e a r lie s t reactions applied in 
organic synthesis fo r the form ation of d im eric  products from  the oxidation 
of carboxylic acid sa lts ,
-Co_
RCOg -  e RCO, ^  R ’ + CO,
2R' ->*R- R
In 1895 von M iller and Hofer^^ introduced a method fo r the synthesis 
of fatly acids consisting of e lectro lysing  a m ixture of a  monocarboxylic acid 
and a h a lf-e s te r  (crossed coupling).
-C O „
RCOgH •R*
-Co,
HOgC(CHg)^COgMe (CHg)^COgMe
R - R
^  R(CHg)^COgMe
MeO,,C(CHJ. CO_Me 2 '  2'n  2
The u se  of anodic synthesis fo r the p reparation  of long-chain acids 
was im proved and exploited by L instead and Weedon who, with the ir 
colleagues, published from  1950 onwards a  se r ie s  of papers on the subject^^.
Reaction with the h a lf-e s te r  of succinic acid (C^) re su lts  in  the addition of
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two carbon atom s and the easily  available C^, C^, C^, and C^g dibasic 
acid derivatives lead to chain extension by 3, 4, 6 , 7 and 8 carbon atoms 
respectively .
This procedure has been applied to satu rated  acids and, m ore 
usefully, to a lim ited  range of unsaturated  acids o r to suitable p re c u rso rs .
By crossed  coupling with an appropria te  h a lf-e s te r , oleic acid, fo r example, 
has been converted into th ree  com paratively r a r e  acids viz, e ic o s -c is -11 , 
enoic acid (1 , n=2), a  constituent of the unique liquid seed wax jojoba oil,
(1) e lec tro ly sis
CH.(CH_) CH=CH(CH_) COOH + HOOC(CHJ C O ^M e---------------------- s-
^ ^ ^ ^ ^ ^ ^  ^ (2) hydrolysis
CHg(CHg)^CH=<]H(CHg)^^^COOH
erucic acid (22; 1 ,13c) (1 , n=4), a  ch arac te ris tic  constituent of C ruciferae  
fa ts , and nervonic acid (24:1,15c) (1, n=G), the principal unsaturated  acid 
of the cereb rosides and a constituent of shark  and ray  liv e r  o ils . No
12stéréom utation of the double bonds was observed in  any of these syntheses .
Another route to unsaturated  acids is  provided by the anodic chain 
extension of acetylenic acids and h a lf-e s te rs . Coupling of s tea ro lic  acid
with adipic h a lf-e s te r  yielded behenolic acid which could then be reduced to
. ,12  erucic acid
(1) e lec tro ly sis
(2) hydrolysis
CHg(CHg) CSC(CHg) COOH+HOOC(CHg)^COOCH^--------------------------^
H g/Pd-Pb
CHg(CHg)^C=C(CHg)^^^^COOH------------ >■ CHg(CHg)^CH=CH(CHg)^^COOH
11
Thé following synthesis of oleic acid illu s tra te s  how flexible is  
this route to unsaturated  fatty  acids. By coupling the acetyl enic h a lf-e s te r  
(2, n=4) o r its  low er homologue (2, n=3) with a monobasic acid, and then 
coupling the resu lting  acetyl enic acid with a suitable h a lf-e s te r  (3), s tearo lic  
acid was obtained. This on p a rtia l reduction over the L ind lar cata lyst gave 
oleic acid^^.
(i)
CHg(CHg)y_^COOH-------------- CHg(CHg)^C=C(CHg)^COOH
(ii) (iii)
CHg(GHg)yC=C (CHg)^COOH
stearo lic  acid
CHg(CHg)^CHËCH(CHg)^COOH 
Oleic acid
(i) e lec tro ly sis  with HO C( CH)  C=C(CH ) CO Me(2) followed by hydrolysis.2 z n 2 n 2
(ii) e lec tro ly sis  with the h a lf-e s te r  HO C(CH ) CO Me (3, n=3 o r 4)2 2 1—n 2
followed by hydrolysis.
(iii) Reduction with H g/Pd-Pb  (L indlar catalyst).
Another example of successful anodic syntheses affords (+)- and
(-) -  tuberculo s tea ric  acids. E lec tro ly sis  of m ixtures of (+) -  and (-) -
methyl hydrogen p -m ethy lg lu tarate  (4) with octanoic acid led to (+) -  and
(-) -  3 -  ipethylundecanoic acids (5). (+) -  and (-) -  T ubercu lostearic  acids
12(6) w ere then obtained by fu r th e r reaction  witli methyl hydrogen azelate
(i)
(4) (5)
HOXCH CHMeCHXO M e ---------- >  Me(GHA^CHMeCH„CO_HZ Z  Z i z z
(ii)
 Me(CHg)^CHM:e(CHg)gCOgH
(6)
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(i) e lec tro ly sis  with octanoic acid followed by hydrolysis.
(ii) e lec tro ly sis  with m ethyl hydrogen azelate  followed by hydrolysis.
The p reparation  of D -(+)-12-hydroxystearic acid with known 
absolute configuration illu s tra te s  the u se  of the anodic synthesis method to 
estab lish  stereochem ical re la tionsh ips. This was achieved by coupling of 
hexanoic acid with (-) -  m eüiyl hydrogen p -acetoxyglu tarate  (7) followed 
by a second anodic synthesis with m ethyl hydrogen undecanedioate. The 
product was of opposite configuration from  ricinoleic acid.
(i)
HOgCCH CHCHgCOgMe--------------CHg(CHg)gCHCHgCOgH
OAc uH
(7) (8)
(ii)
------------- ^  GHg(CHg) CH(CH^)^gCOgH
OH
(9)
(i) E lec tro ly sis  with hexanoic acid followed by hydrolysis.
(ii) A cétylation followed by a second anodic synthesis with m ethyl hydrogen
undecanedioate. As the configuration of the s tarting  m a te ria l is  known,
12that of ric ino leic  acid is  now established .
Some disadvantages in  tiie u se  of the anodic synthesis m ethod w ill 
be  reported  in  the D iscussion of our re su lts .
Addition of five o r six  carbon atom s using cyclic compounds
(i) The Enamine route
 ^ 13The term  "enam ine” was coined by W ittig and Blumenthal in
1927 in o rd e r to indicate a  general s tru c tu ra l fea tu re  in  which a n itrogen
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atom rep laces an oxygen atom in  the fam ilia r "enol” .
C = C - O H  J>C = C -  N
enol enamine
H err and Heyl^^ introduced a procedure in  wliich a  carbonyl com­
pound and an excess cyclic secondary am ine in benzene was refluxed under 
n itrogen (with a  w ater separa to r) to give an enamine.
+ n :
o
OH
OH
Ketones from  enam ines which can be readily  alkylated o r  acylated 
and reaction  wiüi the enamine derived from  cyclop en tanone o r cyclohexanone 
has been employed as a rou te  to fatly  acids with five o r six  additional carbon 
atom s. The com plete reaction  schem e involves acylation of the enamine in  
the p resence  of triethylam ine followed by acid hydrolysis to give 1 , 3 -  
diketones, ring  opening to give an oxo-acid and reduction to the alkanoic 
acid. This is  illu s tra ted  in  the synthesis of tridecanoic acid from  octanoic
14
acid and an enamine of cyclopentanone.
(i)
Q.
N"
(ii)
o
N-
COR
(iii)
COR
CH^(CHJCOOH 3 2,1
T ridecanoic acid
[r=C H 3 (CH2) ]
Chain-extension of octanoic acid to tridecanoic acid ; (i) reaction  
of cyclopentanone and m orpholine, with a  catalytical amount of p-toluene 
sulphonic acid to give 1 -m orpho lino -l-cyc lopen t-l-ene , (ii) Acylation of 
the enamine with octanoyl chloride (iii) hydrolysis to give a p -diketone 
and (iv) alkaline hydrolysis to give 6- oxo-tridecanoic acid and (v) reduction 
to give tridecanoic acid.
The addition of six  carbon atom s can be achieved using cyclohexanone. 
Some lim itations of this method w ill be  d iscussed la te r .
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(ii) O ther methods
a) The use of thioplienefor chain-extension depends on its  ability
to undergo F rid e l-C rafts  acylation a t the 2- and 5- position. This reaction
is  followed by reduction of carbonyl groups and hydrogenolysis of the
heterocyclic  ring  with nickel. The following p reparation  of and
1acids is  typical .Xo
(ii)
CO H
3
CH•CH.^ « 3  - S Ü V  CHg [c h J ^  -CH^ [c h J  ^ CO^H
n  = 0 , 6 o r 8
fi) Cl CO p a j  COgMe/SnCl^; KOH 
p )  MeOH, H'^jCHg CO Cl/8nol^; KOH
(iii) hydrogenolysis of the 'heterocyclic  ring  with nickel,
b) Alkyl m agnesium  halides add to cyclic ketones such as 
cyclohexanone, to form  1-alkyl-1-hydroxy-cycloalkanes (10), T hese may be
16
oxidised with chrom ic oxide in  acetic acid^^ o r, a fte r dehydration to the 
alkyl cycloalkene, with ozone and peroxide to form  acyclic keto acids which 
may be reduced by the Wolff -  .K ishner method to long-chain acids.
HO
RMgX +
dehydration ^  / /
(10)
CrO
RCO(CH ) COOH
R(CH ) COOH
16F ie se r and Szmuszkovicz p repared  tetracosanoic acid, CH^
17(CH } COOH in this way and Keskin p repared  hexadecanoic acid CHa 2^ o
(CHg)^^COOH, sta rtin g  with octadecyl brom ide and decyl brom ide respectively , 
l 8Nunn synthesised a s e r ie s  of keto and "anteiso" aliphatic acids by the 
above method.
c) 2 ,3-D ichlorotetrahydrofuran reacted  with a  G rignard reagent
19to yield a m ixture of c is  and trans acids. Crom bie and H arper used this
I
method to p rep a re  dextroro ta tory  6-m ethyl-octanoic acid.
17
Cl Cl
(i)
Cl ; -!iÜ RCH=CH(CHg) OH
Ç«3 . ÇH3
 CH CH CH(CHJ CH OH — CH,CH„CH(CH„)^COOH3 2 . 2 4 2 3 2 2 4
CHq I ^R=CH CHgCHCHg
(i) RMgBr (11) Na, (iii) H ^ /P t and (iv) KMnO^ oxidation.
This method is  useful only fo r sa tu rated  acids since the in term ediate  
alkenoic acid is  a m ixture of c is and tran s  iso m ers.
d) If the above reagen t is  replaced with 2 ,3-dichlorotetrahydropyran, 
the chain can be extended by five carbon atom s.
Cl RO O
i
>.  \t±l----- RCH=CH(CHJ^OH2 o0 ) ■ <■ '■  gi)
t
(iii) ^  RC H=C H (C Hg) gC OOH
(i) RMgBr (ii) Na (iii) v ia brom ide and derived G rignard reagent
20The in term ediate  appears to m aintain the 5^ s tru c tu re  winch may 
be of value for its  own sake.
The p rocedures leading to chain-extension by one o r m ore carbon
)
atom s a re  sum m arised in  Scheme 1.
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1 X RCOCl
RCO„H 2 RCHgOH
R (C H J CO Me 2'n  2
(n = 2 ,4 , 6,7 o r 8)
RCO(CHg)^_^COOH-i- R(CHg) COOH
n = 5 or 6
>. R(CH ) COOH ' 2 n
R C H ^ X -^ ï^ - -^  RCHgCHgCOgH
RMgBr
CH
R-CH(CH ) COOH 2 n
R(CHg)^COOH
1 (i) the enamine route
(ii) with the use of tliiophene
2 (i) o r (ii) the malonic e s te r  synüiesis v ia  the halide o r n iesylate.
(iii) the reaction  of all^yl m agnesium  halides
a) with cyclic ketones
b) with 2 , 3-dihalogenated furans o r pyrans to give branched-chain 
acids (could be used to p rep a re  optically active acids)
anodic synthesis with h a lf-es te r s.
D I S C U S S I O N
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DISCUSSION
Some of the common fatty acids a re  m ost easily obtained by 
isolation from  natural sources. This applies to many of the satu rated  acids 
(especially C , C , C and C ) and to som e unsaturated  acids such asX4 Xu Xo
oleic, linoleic, CX -linolenic, and arachidonic and when these acids a re
purchased from  chem ical suppliers they a re  alm ost certain ly  of natural
origin. The m ost economic routes to oleic and linoleic acids have recently
21been studied in St. Andrews .
The 'unnatural' unsaturated  acids (i. e. isom ers of natural acids) 
and many of the r a re  natural acids can only be obtained by synthesis and a
la rg e  num ber of these have been p repared  in St. Andrews during the la s t
, 22 decade.
Yet a third group of acids, many of which occur naturally  but
generally  only as m inor components in complex m ix tu res, a re  b est p repared
by a modification of a m ore  common natu ra l acid. Guns tone and 
22Jacobsberg have described the p reparation  of severa l, 9 ,12-diunsaturated
C acids s ta rtin g  from  crepenynic acid (18:2 9c 12a) and from  vernolic 18
acid (12,13-epoxy 18:1 9c).
The purpose of the p resen t investigation was to examine and com­
p a re  a num ber of chain-extension procedures by which oleic, linoleic and 
linolenic acids could be converted to the ir higher homologues.. In addition, 
a few acetylenic acids and som e satu rated  acids of le ss  common chain 
length have also been p repared . The methods employed include anodic 
synthesis, malonation and the use  of enamines p repared  from  cyclop entanone
20
and cyclohexanone.
In anodic syntheses involving oleic acid and the C and C chloro,
hydroxy and acetoxy acids we got hydrocarbons, e thers and alcohols as
products. Unexpectedly m ost of these products had one carbon atom le ss
than the starting  m a te ria l. We developed this reaction  into a  new procedure
23fo r converting unsaturated fatty acids to their nor-alcohols" . This in fact
24links up with the early  work of Hofer and Mo est (1902) who described the 
form ation of alcohols by anodic oxidation of carboxylates (custom arily 
called the Hofer -  M oest reaction).
ANODIC SYNTHESIS
General Considerations
M echanism :
In early  work on the Kolbe reaction , a dim eric product was usually 
explained as aris ing  from  rad ical in term ediates. However the nature  of the 
in term ediates was then uncertain . The evolution of the m echanism  of the 
Kolbe elec tro lysis  is  described  b riefly  below ;
Form ation of Acyl Peroxides
The oxidation of acids was originally thought to proceed through acyl 
peroxides, resu lting  from  the union of two acyl peroxy rad ica ls  and loss of 
carbon dioxide.
This suggests that under special conditions (e. g . , low tem peratures) 
the isolation of the peroxide might be possib le. F a ilu re  to detect any 
appreciable amounts of such peroxides has produced som e doubt about the 
validity of this theory.
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O O O OH  I l  ,  I l  112 I ^ C 0 ---------------- 2RC0------------ ^  R -C -O -O -C -R
2COg + R -R  ------------------
Form ation of Hydrogen Peroxide
G lass tone and co-w orkers^  advanced another m echanism  for 
the Kolbe reaction  which involves the form ation of hydrogen peroxide in 
aqueous solutions and as in term ediate  in the form ation of acyl peroxides.
2 2 OH"------ >- H O
II - n .2CH -C -O  + H„0„ *-2CH - C - 0 ' + 20H3 2 2 3
o  u  O
2CH g-C -0"— ^  CHg-C-O-O-C-CHg---- ->• CgH^f 2 0 0 ^ '
However, the following observations m ake i t  doubtful whether this
m echanism  is  operative to a g rea t extent ; (i) attem pts to detect any amounts
of hydrogen peroxide during the reaction  w ere  not successful, (ii) addition
of hydrogen peroxide to aceta te  solutions produces only trace  amounts of
hydrocarbons and (iii) the Kolbe synthesis is  quite efficient in nonaqueous
27,28m edia, such as DMF
Form ation of Radicals
The form ation of rad ical in term ediates in the Kolbe reaction  was
f ir s t  advanced by C rum -Brow n and W alker and was la te r  developed by
29W alker and co-w orkers
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OI l  .R -C -0
OI l  .R-C-O
-  e n .R—C—o
-5». R* + CO,
2 R* R-R
While evidence fo r the form ation of rad ical in term ediates in the
30 'Kolbe reaction  has been advanced , very  little  is  Imown about the nature
of these rad ica ls . Although there is  no ESR evidence to support the
existence of rad ica ls  it is  possible  that they cannot be detected in this way
because they a re  absorbed on the surface  of the electrode. This concept is
31discussed by L. Eberson .
A useful m echanistic schem e on which to base  a d iscussion is
outlined below : Alkene
R(-H)
RCO, RCO,
'(ads)
D isproportionatiom
- y - R C O *  -----
(ads)
Alkane D im er
RH R-R
H /abst 7
R R* (ads)
R earranged 
alcohols 
e th ers  ^  
alkenes \  
e s te rs  \
- e
REARRANGEMENT R^ R^(ads)/yROH RCO
ads -  adsorbed in term ediate  
abst -  abstraction
ROH ROR 
Alcohol ether
R(-H)
Alkene
RCOgR
E ste r
SCHEME 2
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Experim ental variab les
Concentration and pH Kolbe d im érisation  is favoured by high
concentrations of carboicylate ion, low pH and high cu rren t densities. In
p rac tice  the f ir s t  two requ irem ents may be attained by using nonaqueous
solvents in which high concentrations of carboxylic acid a re  p artly
neu tra lised  (about 10%) with base . As e lectro lysis proceeds the alkali
m etal discharged at the cathode continuously n eu tra lises  the acid and the
electro lyte does not becomp alkaline until all th,e carboxylic acid has been
consumed. A lternative methods of operating a t low pH and high concentration
include the use of te tra -a lky l ammonium carboxylates instead of the usual
but le ss  soluble alkali m etal sa lts , and e lec tro lysis  of alkali m etal
32carboxylates in the Dinh-Nguyen cell . In this cell (Fig. 3, page 71) 
the cathode is a pool of m ercu ry  and the alkali m etal discharged during 
e lec tro lysis  becom es am algam ated and the electro lyte rem ains neu tra l. In 
this way completely neu tra lised  acid m ay be used as s ta rtin g  m ate ria l.
In our work we used  two kinds of cells (1) with two platinum  
electrodes and (2) the Dinh-Nguyen cell. The concentration of carboxylic 
acid ranged from  8 to 60% which was neu tralised  (2- 10%) by added base  
(sodium hydride 50% dispersion  in  o il).
C ross-C oupling
. The p reparation  of cross-coupled  products by e lec tro ly sis  of
different alkanoate ions can be efficient and often provides the sim plest
33route to im portant fatty  acid derivatives. Utley s ta tes  that from  the
1 -  2 -general case fo r co -e lec tro ly sis  of the ions R CO^ and R CO^ , assum ing
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the rad ical in term ediates combine rapidly and at com parable ra te s , it 
follows that
d
dt
4
dt
and
dt
If the re la tiv e  concentrations of rad icals  a re  roughly proportional
1to the re la tive  concentrations of carboxylate the conversion of R CO^ into
2the cross-coupled  product is  therefore  increased  by having R CO^ in high
concentration. In p rac tice  this works well and is  p a rticu la rly  im portant
w here one component is  not readily  available. The re su lts  of one of the few 
34system atic  studies of this fea tu re  a re  illu stra ted  in  Table 1 .
TABLE 1
Optimum conditions fo r cross-coupling  of CHg(CIIg)^C0gH(A) 
and HOgC(CHg)^COgMe(B) to give CHg(CHg)gCOgMe (C)
Concentration % Yield of C .% Yield of C in
Ratio A : B in Methanol aqueous Methanol
1 :1  36 12
1 :2  49 39
1 :6  58 48
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We checked tiiis conclusion with oleic acid and methyl hydrogen 
succinate (see T ab le2).
TABLE 2
Optimum conditions for cross-coupling of 
Oleic ac id (18:1 9c) A and HO^C (CHJ^C O ^MeLB 
to give 20 ; 1 e s te r
Concentration % Yield 20 ; 1
Ratio A ; B (in, Methanol)
1 :3  28
1 :4  36
1 :6  48
The two components m ay be of quite d issim ila r m olecular weights 
without severly  reducing the efficiency of cross-coupling. F o r the p rep a ra ­
tion of a given fatty acid by this method it is  often b e s t to se lec t components 
of different sizes so that the products of crossed-coupling a re  m ost easily  
separated  from  those resu lting  from  sym m etrical coupling.
The ra tio  of 1: 6 was therefore  p re fe rred . A ttem pts to supply the 
h a lf-e s te r  in two portions a t the beginning and half way through the reaction  
did not im prove the yield of our product.
C o-elec tro lysis  of a m onocarboxylate and a h a lf-e s te r  is  a very  
convenient method fo r the chain extension of a carboxylic acid. As the 
s tereochem istry  of the components is  p reserv ed  during such reactions the 
method has also been used fo r the synthesis of naturally  occurring  optically 
active acids and fo r the establishm ent of stereochem ical re la tionsh ips.
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Weedon and his co-w orkers have developed and used the method with con­
siderab le  success (as detailed in  Introduction).
Solvents
Of the nonaqueous solvents available methanol is the m ost used.
33Utley rep o rts  that good yields associated with e lec tro lysis  in methanol
w ere not reduced by the addition of sm all amounts of w ater that serve  to
in c rease  the solubility of the e lectro ly te. O ther solvents may have advantages
that have not yet been fully explored. F o r instq.nce in  methanol the
diphenylacetate ion is  oxidised alm ost exclusively to the re la tive ly  stable
diphenylmethyl cation but in  dim ethylform am ide tetraphenylethane has been
27obtained in 24% yield . One possible reason  why DMF has not been m ore
widely used is that i t  is  itse lf  fa irly  easily  oxidised. A cetonitrile , an aprotic
solvent of high d ie lectric  constant, also offers a ttractive  possib ilities  as a
3 5 ,36a,bsolvent for Kolbe coupling and i t  has already been used successfully  
I t is  reported  that in som e oxidations, the carbonimn ions produced re a c t 
with aceton itrile  and subsequent hydrolysis of the n itrilium  ion leads to 
in teresting  products. When carbonium  ions a re  in term ediates in the Kolbe 
reactions, the products a re  alcohols, e thers  o r alkenes.
In the p resen t w ork m ethanol, DMSO and aceton itrile  w ere used as 
solvents in tr ia l experim ents. Methanol was found to give the b est re su lts  
and was therefore  p re fe rre d  fo r all e lec tro lyses.
N ature of the electrode
The reason  why d ifferent electrodes have various effects on the 
course  of reactions is  not always c lea r. Several explanations have been
27
advanced m ostly re la ted  to the su rface  of tlie electrodes (perhaps specific
adsorption, cata lysis etc. ) fo r example Kolbe coupling was claim ed to have
37been achieved with a carbon electrode. Muck and Wilson consider that 
stacking of alkyl chains resu lting  from  la te ra l attraction  (as shown below) 
favours d im érisation  and a t the sam e tim e slows diffusion to the electrode
surface  after decarboxylation.
/
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In the oxidation of sodium acetate  in the p resence  of arom atic
compounds, the u se  of a graphite anode produced m ainly'm ethylated products
with som e acétoxylation, while the u se  of a  platinum anode afforded the
38 39acetoxylated products exclusively , Koehl has shown that the u se  of 
graphite as anode in the oxidation of sim ple aliphatic acids failed to produce 
dim eric products. This is  presum ably due to the form ation of reactive  
carbonium  ions, which re a c t im m ediately to form  olefins o r  undergo chem ical 
rearrangem ent. Thus, while tliere is  no ru le  as to which anode w ill give a 
specific in term ediate, the use  of carbon generally  favours carbonium  ions, 
while the u se  of platinum  favours the rad ical in term ediate.
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In the p resen t work a platinum  anode was used.
T em perature
Low tem perature (25-35^C) is generally  held to favour the coupling 
p rocess although there has been little  system atic study of the aspect. In 
p rincip le  an optimum tem peratu re  would be expected as tem peratu re  affects 
key fac to rs  in various d irections. F or instance, high concentrations of 
carboxylate a re  b e tte r achieved at high tem peratu res as a re  the high ra te s  
of diffusion n ecessary  fo r high c u rren t densities. On the o ther hand, i t  can 
be argued that at high tem peratu res  the diffusion of the rad ica l in term ediates 
away from  the elctrode environm ent is  encouraged and that the subsequent 
dilution of such species favours competing unim olecular reactions. 
A lternatively higher tem peratu res  would be expected to in c rease  the ra te  
of side reactions but have little  effect upon the ra te  of the diffusion -  con­
tro lled  rad ical dim erization.
The Kolbe reaction  is  not generally  sensitive to tem peratu re
change especially  in nonaqueous solvents. In one case however, a la rge
40effect has been reported  :
E lec tro lysis  
MeOH, 5Q0
B r (CHg)gQBr (64%)
E lec tro ly sis  
MeOH, 66°
B r (CHg)^^CO^Me (71%)
In the p resen t w ork a tem peratu re  of 25-30° was steadily  m aintained
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with the u se  of A pparatus 2 .
S tructure of Acid
41It was shown ny F ich te r and co-w orkers ' '  that Kolbe synthesis 
does not take place in aqueous solution when a double bond is too close to 
the carbonyl group. In fact, appreciable coupling was not found until the 
double bond was in the Y -  position or fu rth er from  the carboxyl group. 
S im ilarly , no coupling product was observed from  benzoic and phenylacetic 
acid. However, the oxidation of phenylacetic acid in DMF was shown to 
afford 1 , 2- diphenyl ethane in 88% yield.
The p resence  of substituen ts0 ( -  to the carboxyl group suppresses 
the form ation of coupled products. Thus, litlle  o r no such products w ere 
observed fo r m ost 0£-alkyl, m ethoxy-, hydroxy-, halogeno-, k e to -, cyano- 
and amino groups.
In the p resen t work coupling took place with m ost of the acids used. 
Cg chloro and hydroxy acids however, when coupled with oleic acid did not 
give the d e s i^ d  product. Y -L inolenic acid with methyl hydrogen succinate 
gave the expected e s te r  along with som e side products. Thpugh not 
fully identified it is  thought that these could re su lt from  in teraction  of the 
rad ical a t C(2) with the double bond at A. 6.
A pparatus 1.
In the f i r s t  few ejqjerim ents an apparatus s im ila r to that described 
by Weedon^^ was used (page 70 ). The cell was a sm all beaker or 
cylindrical vesse l with two p a ra lle l p ieces of platinum foil as e lectrodes.
To avoid overheating the d istance between the electrodes was reduced to at
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le a s t 3 m m . As e lec tro lysis  proceeded carboxylate ions w ere  converted 
into product a t the anode, sodium libera ted  a t the cathode reacted  with the 
solvent, and the resu lting  alkali neu tra lised  m ore acid. The p ro cess  
continued in  this way until a ll the acids had been consumed and the 
e lectro ly te turned alkaline.
The equipment was subject to two disadvantages. Heat generated 
during the reaction  was not easily  d issipated and it proved difficult to keep 
the reaction  tem peratu re  below 50^, especially  around the e lec trodes. With 
satu rated  acids the solid product tended to come out of solution and to coat 
the e lectrodes. Against this however, there  was som e advantage in that 
the cu rren t could be rev e rsed  periodically . This helped to rem ove hydro­
carbon and other products which tended to deposit on the anode.
Apparatus 2
32Nguyen Din-Nguyen reported  the advantages of using a m ercu ry  
cathode and a platinum  anode in  the Kolbe e lec tro -syn theses. We p re fe r 
this apparatus and have used i t  to p rep a re  olefinic, acetylenic and satu rated  
fatty acids and also som e nor-alcohols.
We found that this cell with a platinum anode and a m ercu ry  catliode 
had the following advantages.
1. I t was possib le  to m aintain a low er, steady tem peratu re  
(25-30^C) during the reaction  because of the double walled v esse l with 
continuous cold w ater c ircu lation .
2. The revolving anode produced efficient m ixing of the reactan ts .
3. Since sodium libera ted  a t the m ercury  cathode is  held as an
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amalgam  it is  possible to use  m ore base . Because of the higher ion con­
centration la rg e r  cu rren ts  can be employed thereby reducing the reaction  
tim e. The cu rren t fa lls  when the carboxylate ion concentration is  reduced 
and the end of the experim ent is readily  detected.
During som e e lec tro lyses (in both cells) of unsaturated  acids in 
p a rticu la r, an isoluble polym er was form ed on the electrodes causing the 
cu rren t to drop. Using apparatus 1, these deposits could be dislodged by 
rev ersin g  the d irection of the cu rren t from  tim e to tim e by m eans of the 
com m utator. With apparatus 2 it was necessa ry  to in te rru p t the e lec tro lysis  
at in tervals and clean the electrode.
PREPARATION OF ALKENOIC ACIDS
Several alkenoic acids w ere  p repared  from  C acids by anodiclo
synthesis. The re su lts  a re  sum m arised  in Table 3 (overleaf).
(i) E ic o s -c is - ll-e n o ic  acid
Oleic acid, e lectro lysed  with m ethyl hydrogen succinate using 
apparatus 1, gave a 46% yield of methyl eicosenoate (20; 1 11c, 96%pure). 
When this experim ent was repeated using apparatus 2, a 50% yield of the 
e s te r  (98% pure) was obtained. F o r these reasons and those detailed in 
sections titled "Apparatus 1 and 2" , the subsequent p reparations w ere 
ca rried  out using apparatus 2 .
(ii) D ocos-cis-13-enoic acid
Oleic acid was reacted  with methyl hydrogen adipate to give 
22:1 (13c) in a 6 % yield. This poor yield was obtained because the half­
e s te r  was contam inated with a la rg e  amount of d ie s te r. This preparation
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was not repeated but there  is no reason  to doubt that the e s te r  could be 
obtained in 40-50% yield.
TABLE 3
1. ALKENOIC ACIDS
Monobasic acids H alf-es te r HOOC(CHg)^COgMe Product* yield
i) 18:1 (9c) n = 2 20:1 (11c) 46%, 50%
ii) 18:1 (9c) n = 4 22:1 (13c) 6%
iii) 18:2 (9cl2c) n = 2 20:2 ( llc l4 c )  37%
iv) 18:2 (9cl2c) n = 4 22:2 (13c, 16c) 38%
V) 18:3 (6c9cl2c) n = 2 20:3 (8 c llc l4 c ) 21%
Vi) 18:1 (5c) n = 2 20:1 (7c) 17%
vii) 18:1 (6c) n = 2 20:1 (8c) 3%
Some side products such as hydrocarbons and d ie s te rs  w ere form ed 
in all p reparations but the m onoester could be easily  separated  
from  the m ixture by column chrom atography (silica).
(ill) and (iv) E ico sa-c is-1 1 , cis-14-dienoic and D ocosa-cis-13, cis-16-dienoic acids 
Linoleic acid was s im ila rly  converted to 20:2 and 22:2 acids with slightly 
low er y ields.
In all these preparations there was no evidence of double bond m igration 
o r sterom utation on the b asis  of von Rudloff oxidation and NMR sp ec tra  of 
the products. The yield of chain-extended product ranged from  37 to 50%.
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v) E ic o s -c is -8 , c is-11 , cis~14~trieiioic acid
With Y “linolenic acid the reaction  took a different course. The 
m ajo r product (20%) was 20;3 (8c 11c 14c) as judged by its  NMR and IR 
sp ec tra  but this was accompanied by a m inor component. The GLC of 
the mono e s te r  showed a m ajo r peak of ECL 21. 5 with a shoulder a t ECL 
21. 2 .
We have not been able to identify fully this m inor product. The
+fact that i t  has a higher Rf on the Ag p la te  and the absence of trans 
unsaturation (IR spectrum ) led us to believe that it  m ight be a  cyclic 
compound having only 2 unsaturated  cen tres . Cyclisation of the initially  
form ed rad ical could lead to a 5 o r  6 m em bered ring  compound thus :
^  R C H  = CH(CH_)*RCH = CH(CHJ .CO H
R
R
CH CH CO Me
MeO„CCH„CH
R=CH„(CH_) CH=CHCH CH=CHCH0 ^ 4  Z
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The NMR signals of this product showed a complex p a tte rn  of 
m ultiplets in the region 1. 53 and 1. 62 Ô in addition to the usual signals.
An attem pt was made to identify this component by gas chrom atograph 
m ass spectrom etry  but the fragm entation expected of a five o r six m em bered 
ring  could not be detected.
T here  have been two e a r lie r  rep o rts  of unidentified components
obtained from  chain elongation of Y -linolenic acid. S truijk, B eerthuis,
42Pabon and von Dorp re p o rt chain extension of Y -linolenic acid with 
monomethyl g lu tarate  in methanol a t 35-40°. The m onoester obtained 
by counter cu rren t distribution (86%pure by GLC) had to be fu rth er purified 
by TLC on silica  plaltes im pregnated with s ilv e r n itra te  but s till contained
r J  10% of a trans compound.
43Klenberg also rep o rts  üie chain-extension of Y -linolenic 
acid with the half e s te r  of glutaric  acid and of p , p -dim ethylglutaric acid 
in  m ethanol. The products obtained w ere purified by column chrom atography 
(silica) then through a silic ic  acid/25% AgNO^ column and finally, a fte r 
hydrolysis, through a s ilic ic  acid column. He sta tes  ’’the wrong iso m ers  
produced in the e lec trosyn thesis” had slightly sh o rte r retention tim es 
than the desired  acids, which was also observed by us. He claim s that 
20-35% of an isom er was obtained in  which the f i r s t  double bond had 
shifted three carbon atom s fu rth e r from  the carboxyl group than in the 
acid desired .
We think i t  m ost unlikely that there  has been a shift of the triene 
system  by th ree  carbon atom s but p re fe r  the idea that the double bond
35
n e a re s t to the carboxyl group no longer exists so that unsaturation 
s ta r ts  three  carbons fu rth er along the chain.
vi) E ico s-c is-7 , enoic acid
Because of the difference in behaviour between Y -linolenic 
( Z \6 , 9,12) on the one hand and oleic ( A  9) and linoleic ( A  9,12) acids 
on the other we examined the e lec tro ly sis  of th e Z \  5 and 6 18:1 
acids. With octadec-5-enoic acid two m onoesters w ere again obtained.
The m ajor component was the expected methyl e ico s-c is-7 ren o ate  on the 
b asis  of its  NMR signals and had a low er Rf on a silic ic  acid TLC plate 
im pregnated with s ilv e r n itra te . The m inor component which accompanied 
tliis e s te r had a higher Rf and was not fully identified.
Gas chrom atograph m ass spectrom etry  analysis of both the m ajor 
product and component 1 did not give meaningful re su lts .
vii) E ic o s -c is -8 , enoic acid
With o c tad ec -c is-6-enoic acid two m onoesters w ere  sim ilarly  
obtained. The m ajor product was the expected m ethyl e ic o s -c is -8-  
enoate on the basis  of its  NMR signals and had a lower Rf on a silver 
n itra te  TLC plate. In this p reparation  however the m inor component 
was well separated  and had a higher Rf than the expected chain extended 
product. Although we w ere unable to completely identify this compound 
its  NMR sp ec tra  showed no evidence of olefinic protons.
Gas chrom atograph m ass spectrom etry  of the m inor product 
showed peaks a t m /e  255, 169, and 137 (169-32) which re su lt from  the
36
fragm entation shown ;
23
169
255
CH
CHgCHgCOOCHg
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2. PREPARATION OF ALKYNOIC ACIDS
The synthesis of alkenoic acids with the double bond fa r  away
from  the carboxyl function p resen ts  som e difficulties when the in term ediates
required  to produce the corresponding alkynoic acids a re  insoluble in the
44 .reaction  solvent. Gustone and Ism ail strove to overcom e this difficulty 
by p reparing  12:1 acids and extending them to 18:1 acids by chain extension 
with the enamine of cyclohexanone. T here  was, however, som e evidence 
of double bond m igration during the W olff-Kishner reduction which occurs 
under fa irly  strong alkaline conditions. It seem ed worthwhile, therefore , 
to see whether this chain extension could be m ore sa tisfac to rily  effected by 
anodic synthesis.
We found that 12:1 (10a) and 11:1 (10a) could be satisfac to rily  
chain extended to 18:1 (16a) and 18:1 (17a) by reaction  with the half e s te r  of 
suberic  and azelaic acids respectively . P roducts of /v  95% purity  w ere 
obtained in a 50% yield as shown in Table 4 .
TABLE 4
2. ALKYNOIC ACIDS
Monobasic H a lf-este r P roduct P u rity  m. p .
acid HO„C(CH_) CO Me (yield %) % as estez6 6 n 6
12:110a n = 6 18:1 16a (51) 94
11:1 10a n = 7 18:1 17a (53) 96 32°
The NMR signals of 18:1 16a methyl e s te r  gave the necessa ry  
evidence of a W2 trip le  bond -  0. 94 Ô (CH^CSC-) and a trip le t at
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2.15 ô  (-C =C -C H g-) and that of 18:1 17a gave NMR signais a t 1.78 
(C H SC -) and 2.15 Ô (CH=CCH -) confirm ing the p resence  of a term inal 
actelynic group.
These acids could be partia lly  hydrogenated to get the corresponding 
alkenoic acids, quite easily .
3. PREPARATION OF SATURATED ACIDS
'Odd’ acids occur naturally  only as very  m inor components and 
these acids (often used as GLC standards) a re  therefore m ore readily  
available by synthesis o r by modification of the m ore easily  available ’even' 
acids.
We p repared  the C^^, C^^, C^^, C^^ and C^^ acids by Kolbe 
e lec tro lysis  in yields ranging from  56-95%. The reaction  product was a 
m ixture of solids but the m onoester was isolated quite easily  by column 
chrom atography (sorbsil).
TABLE 5
PREPARATION OF ’ODD’ ACIDS
Monobasic H alf-es te r P roduct, yield* Purity* by m. p .  as acid(lit)^ 
OCacid H O ^ C ( p n ^ ) ^ C O ^ U e 1 and 2 GLC %
11:0 n = 2 13:0 52, 44 94 41-42(41. 8)
11:0 n — 4 15:0 77, 69 97 52-53(52. 5)
10:0 ’ n = 7 17:0 85, 68 83 61-62(61. 3)
12:0 n = 7 19:0 84, 74 90 69-70(69.4)
14:0 n = 7 21:0 1) 79 - 94
2) 92, 78 94 75-75.5(75.2)
* Yield 1 re la tes  to that obtained initially  by column chrom atography (sorbsil) 
The e s te rs  w ere then c rysta llised  from  petro l (Yield 2) to the 99%puri(y 
level (by GLC).
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The _ to C. _ e s te rs  w ere c ry sta llised  at 0 and the , e s te r  lo  19
at room  tem perature  to a level of 99% purity . The m elting points w ere
obtained on the pure  sam ples. L ite ra tu re  values a re  given in paren theses,
4. PREPARATION OF NOR-ALCOHOLS
We re-exam ined the e lec tro ly sis  of oleic acid with chloro, hydroxy
and acetoxy C /C acids because we hoped that the products would be useful 2 3
p re c u rso rs  fo r o ther acids by oxidation o r  v ia  the n itr ile .
RCOgH + HO^C(CH ^)^X ,^ R(CH^)^X >  O ther acids
n = 1 o r  2 
X = Cl, OH, OAc
This hope was not fulfilled though our re su lts  becam e of in te re s t 
in another way.
With 3-chloropropionic acid oleic acid gave heptadecenyl chloride 
(30%), nonadecenyl chloride (20%) and heptadecenol (20%), With chloroacetic 
acid heptadecenyl chloride (20%) was the only identified product.
Hydroxyacetic acid furnished a m ixture of heptadecenol (11%) and 
octadecenol (3%), w hilst 3-hydroxypropionic acid gave heptadcenol (14%) 
and nonadecenol (7%).
E lectro lysis  of acetoxyacetic acid with oleic acid gave a m ixture 
of heptadecenyl and octadecenyl ace ta tes .
These re su lts  a re  very  d ifferent from  those described  e a r lie r  
between h a lf-e s te rs  and oleic acid. Independantly of w hether the e lec tro ly sis  
is  c a rried  out in the p re se n c e  of an acetic  acid o r propionic acid derivative
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the m ajor products a re  compounds and we think tliese may be products 
of a reaction  occurring via carbonium  ions thus :
OH
ECO ." RCO : R '— ^ r "^
^R O H
Cl" ^ R c l
Because the chloride and alcohols could be usefully employed 
as p recu rso rs  of labelled acids by the reaction  sequence shown below we have 
examined this reaction  fu rth er and improved it.
R C O ^ >-ROHv - ^ ^ ^ > ' ROMS r '^CN —
R"*" COgMe
H eptadec-cis-8-enol : Oleic acid was electro lysed (Apparatus 2) with excess
alkali (sodium hydride) in aqueous methanol to obtain h ep tad ec -c is-8-enol
(34%). Repeated with excess sodium hydroxide the reaction  gave a slightly
increased  yield of alcohol (44%). The alcohol was identified by its  TLC
and GLC behaviour in com parison with a sam ple of oleyl alcohol, its  IR
“1spectrum  (strong OH absorption a t 3340 cm ), its  NMR spectrum  
(particu larly  the trip le t signal a t 3.15 Ô fo r CH -OH) and by von Rudloff 
oxidation to nonanoic acid and 8-hydroxyoctanoic acid. The 17:1 alcohol 
was accompanied by a hydrocarbon (25%) and a methyl e ther thought to be 
m ethyl h ep tad ec -c is-8-enyl e ther (7%).
H ep tadec-cis-8 , c is - l l-d ie n o l
Linoleic acid reacted  in a s im ila r way and furnished a C^^ alcohol 
in slightly lower yield (21%) along with som e hydrocarbon (2%) and a m ethyl
41
e ther (8%) probably methyl h ep tad ec -c is-8 , c is - ll-d ie n y l e ther. The 
alcohol was considered to be h ep tad eca-c is -8 , c is - l l-d ie n o l on the basis  
of its  GLC behaviour and its  in frared  and NMR spectra .
H ep tadec-cis-8- e n - l ,  11-d iol
E lec tro lysis  of ric ino leic  acid furnished h ep tad ec -c is-8- e n - l ,  11 
diol (17%) accompanied by a sm alle r amounts of a monohydroxy compound, 
and a monohydroxy monomethoxy compound shown to be 1-m ethoxy heptadec- 
c i s - 8- e n - l l - o l .  The diol and the hydroxy methoxy derivatives w ere 
identified by the ir GLC behaviour (as TMS ethers) and by th e ir IR and NMR 
spectra .
The TMS e ther of the 17:1 diol was compared (GLC) with that of 
18:1 diol as authentic sam ple. The IR and NMR sp ec tra  of 18:1 diol w ere 
also com pared.
P roducts of the e lec tro lysis  of Y -linolenic and O t-linolenic acid in alkaline
medium
The two trienoic acids, Y -linolenic and (X -linolenic, failed to
produce the desired  nor-alcohols.
The products obtained w ere  m ix tures of hydrocarbons, methyl e thers
and alcohols but these m ix tures could not be satifac ta rily  separa ted  by prep .
TLC on s ilica  nor s ilica  im pregnated with s ilv e r n itra te .
14C -C arboxy- labelled fatty  acids and the ir e s te rs  (13) a re  usually
prepared  by in teraction  of an appropriate  halide (12) o r equivalent su b stra te
14(m esylate, tosylate) with K CN followed by hydrolysis o r m ethanolysis.
F o r satu rated  acids the halide (12) is  easily  obtained from  the unlabelled
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45acid (11) by Hunsdiecker decarboxylation o r an equivalent p ro cess  . This 
procedure is  le ss  suitable for unsaturated  acids though labelled oleic and 
linoleic acids w ere f i r s t  m ade in  this way a fte r protection of the double bond(s)
K^^CN 14 RCO H---------- ^ R B r ------ - R CO Me
MeoH,H'*'
(11) (12) (1^
by brom ination . This approach is  le s s  satisfac to ry  with m ore highly
unsaturated  acids and with the im provem ent of synthetic p rocedures the
required  nor-halides a re  m ore  frequently obtained by synthesis using
46acetylenic in term ediates o r the W ittig reaction  . N evertheless there
rem ains a need fo r a general procedure by which (natural) unsaturated  acids
(11) can be converted into the ir ^^C -carboxy-labelled form s and we here
re p o rt a new method of p reparing  nor-alcohols from  carboxylic acids. The
47fo rm er can be oxidised by chrom ic acid to the unlabelled n o r-ac id  o r can
be converted v ia the m esylate  and n itr ile  into labelled e s te r  o r  acid with
8 ,47 ,48the sam e num ber of carbon atom s as the starting  acid 
CHAIN-EXTENSION BY MALONATION 
U se and preparation  of m esylates
A num ber of alkylating agents, such as allqyl halides, toluene- 
sulphonates (tosylates) and m ethanesulphonates (m esylates) a re  used in 
synÜieses of both aliphatic and carbocyclic compounds. M esylates have been 
shown to be especially effective alkylating agents owing to the ir ability to 
produce carbonium ions and have been applied with g rea t success in the 
synthesis of severa l long-chain compounds. U nsaturated m esy lates can
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be p repared  without isom érisation  of double bonds.
An improved procedure for the p reparation  of m esy lates however,
50has been published recently  which m akes use of triethylam ine instead of
49pyridine. We have used the p rocedure described by Baumann and Mangold
(see Experim ental section, G eneral procedures).
The long-chain m esylates p repared  from  the 18:0, 18:1, 18:2,
Y 18:3 and (X 18:3 alcohols w ere charac te rised  by the ir IR sp ec tra
-1which showed a strong band around 1175 cm for the 8 -0  sym m etric 
stre tch ing  frequencies in  the 80^ group. The NMR spectrum  showed a 
■ sharp  singlet a t 2. 88 ô  (0 8 0 ^ -0 H^) and a trip le t (J = 6Hz) a t 4 .12  ô  
(-CH^OSO^CHg).
SYNTHESIS OF 20:1. 20:2. 22:2. 20:3 ( l i e  14c 17o) and 20:3 (8c 11c 14o) acids 
CgQ unsaturated  acids have been p repared  by chain extension of 
methyl oleate, linoleate, oc -lino lenate  and Y -linolenate under conditions 
recom m ended by 8pener and Mangold^.
The e s te rs  (^ 9 9 %  pure) w ere  reduced to the corresponding 
alcohols and then converted to m esylates by reaction with methanesulphonyl 
chloride in cold pyridine. In teraction  of each m esylate  with the sodium 
derivative of diethyl m alonate gave the a llg la ted  m alonate which was 
hydrolysed, decarboxylated and m ethylated to give the e s te rs . The 
e s te r  obtained in 84 to 96% yield was usually 94 to 99% pu re  though dark  
in  colour, A colourless acid was obtained by elution from  a column 
(silica) which was topped with a m ixture of silica  and charcoal. Yields 
w ere  then 49 to 79% of 99% pure  m a te ria l. The 20:2 and 22:2 acids w ere
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fu rth er purified by low tem peratu re  crysta llisa tion  (-78 ) to obtain a level 
of 99% purity . The yields of these acids then fell to 66 and 41% 
respectively .
TABLE 6
A l k e n o ic  a c id s  p r e p a r e d  b y  MALONATioN
SUMMARY OF YIELDS
,a
ACID Yield P u rity Yield P u rity Yield P u rity
(GLC) (GLC) (GLC)
20:1 (11c) 84 99 75 99 r
20:2 (11c 14c) 88 95 79 98 66 99
22:2 (13c 16c) 83 90 49 97 41 99
20:3 (11c 14c 17c) 96 94 75 99 •-* * -
20:3 (8c 11c 14c) 86 97 72 99 ÉÉ»
a. the yield of acid in itially  obtained
b. yield after purification by column chrom atography (silica)
c. yield after low tem peratu re  crysta llisa tion .
The yields a re  based on the corresponding m esylate (as s ta rtin g  m ateria l), 
Each e s te r  was ch arac te rised  by its  spectroscopic and 
chrom atographic p ro p ertie s . GLC showed the product to be homogeneous. 
In frared  spectra  confirm ed the absence of trans unsaturation, u v spec tra  
the absence of conjugated unsaturation  and the NMR sp ec tra  had the 
expected signals, von Rudloff oxidation confirm ed double bond positions. 
CHAIN-EXTENSION VIA ENAMINES
Enam ines, which a re  readily  p repared  from  the cyclic ketones 
cyclopentanone and cyclohexanone, a re  activated m olecules which can
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readily  be acylated by acid ch lorides. A fter acidic hydro lyses, the product 
is  a p “diketone which can be hydrolysed by alkali to an oxo acid. This 
may be reduced to an alkanoic acid having 5 o r 6 carbon atom s m ore than 
the original acid cliloride.
O
orpheline ^  ^  RCOCl
RCO(CHg)^COgH Reduction
This procedure was examined briefly . Tetradecanoic acid was 
converted to eicosanoic acid (47%) by reaction  with the enamine from  
cyclohexanone and hexadecanoic acid was extended to heneicosanoic acid 
(56%) by chain-extension with cyclopentanone.
COMPARISON OF CHAIN-EXTENSION PROCEDURES
T hree  chaln-extension procedures have been examined and it 
rem ains to consider the advantages and disadvantages of each. The 
enamine synthesis p rocedure is  a convenient method which can be handled 
on a m oderately la rg e  sca le  but is  not appropriate  fo r unsaturated  compounds 
because double bond m igration occurs when the carboxyl group of the 
in term ediate  oxo-acid is  reduced.
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Malonation can be applied to saturated  and unsaturated  acids.
The method gives good yields and products a re  of high quality. The 
disadvantage however, is  that only two carbon atom s can be added in  each 
cycle.
Anodic synthesis seem s to be the m ost flexible method for i t  can 
easily  be used to add two, four, six  o r seven carbon atom s. I t can be 
used to p rep are  both satu rated  and unsaturated  acids. In the case  of 
unsaturated  acids there  is  no double bond m igration o r sterom utation in 
the final product. The method involves few stages but gives m oderate 
y ie lds.
T here  a re  however, som e disadvantages in that i t  is  a slow 
reaction  and cannot be easily  applied on a la rg e  scale. Also the purification 
of acids can involve some problem s. Although the m onoester can be 
easily  isolated from  the expected m ixture  of hydrocarbon, m onoester and 
d ie s te r purification of acids winch a re  extended by only two o r three 
carbon atom s can be tedious because sm all quantities of s tartin g  m ateria l 
a re  esterified  during the reaction  and separation  of the desired  acid 
from  its  homologues differing by two o r th ree  carbon atom s can be difficult.
Because of our in te re s t in producing unusual fatty acids fo r sale  
we had hoped to "cost" each of our p reparations with a view to estim ating 
th e ir re la tiv e  efficiency on a cost b asis . This was not possib le  in  any 
accurate  way and we have confined ourselves to com paring the tim e taken 
to obtain the pu re  product in  each of our synthetic p rocedures. This is  valid
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because labour costs a re  very  much higher than m ateria l costs . The figures 
to be quoted a re  very  approxim ate and a re  given in  te rm s of hours of labour 
p e r  gram  of product. A re a l com parison is  difficult because (a) the several 
experim ents w ere  ca rried  out on different sca les and (b) these values a re  
very  dependant on the yield and we w ere unable in the tim e available to 
repeat each experim ent sufficiently to optim ise the yield.
Anodic synthesis, c a rrie d  out on lOg of long-chain acid gave a 
product a t the ra te  of Ig  p e r  17 h o u rs , malonations ca rried  out on 20g of 
long-chain e s te r  gave a product a t the ra te  of Ig  p e r 8 hours, and chain 
extension with enamines c a rrie d  out on 65g of long-chain acid gave product 
a t the ra te  of Ig  p e r 3 hours. These cost considerations m ust of course 
be modified by the chem ical advantages and disadvantages of each procedure 
which have already been elaborated.
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H -N u c lea r m agnetic resonance (PME)
NMR sp ec tra  have been used throughout tliis study and i t  
seem s convenient to sum m arise  our observations ( 5  values obtained 
a t 100 MHz on a V arian  HA 100 spectrophotom eter).
TABLE 7
1 2 3 4
Olefinic e s te rs -CHgCOOCHg -OOOCH
20:1 7c 0 . 88 1.26 2 .22 3.58
20:1 8c 0 .88 1.25 2 .22 3.58
20:1 11c 0 .88 1.28 2 .21 3.57
20:2 11c 14c 0. 91 1.29 2 .22 3.58
20:3 8c 11c 14c 0. 89 .1.32 2.22 3.58
Acetylenic e s te rs
18:1 16a 0.94 1,24 2.22 3.58
18:1 17a - 1.27 2.22 3.58
Olefinic Alcohols - ( ( :g 2)n- -CH=CHC1T -  —2 -CH=CH-
17:1 8c lOH 0 . 88 1.27 1.96 -  2.01 5.27
17:2 8c 11c lOH 0 . 90 1.32 2.00 -  2.05 5.28
17:1 8c 1, 11 diol 0. 90 1. 34 2.04 -  2.24 5.43
18:1 9c 1, 12 diol 0. 90 1.32 2 .02  -  2 .16 5.42
continued overleaf
Table 7 continued.
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Olefinic e s te rs
Acetylenic e s te rs
5 6 7
-CH=CHCHg- -CH=CH- =CHCH-2
1.96 -  2.02 5.26 -
1.96 -  2.02 5.26 -
1.96 -  2.01 5.26 2.72
2 .00  -  2.06 5.28 2.76
2.00 -  2.07 5.30 2.76
C H = C - CH=CCH”2
- 2.15
1.78 2.15
Olefinic Alcohols CHgOH
3. 51 
3. 51 
3. 53 
3. 58
CHOH OH
2.71
3.60
3.36
3.40
=CHCHgCH=
2.72
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13C N uclear m agnetic resonance (CMR) •
51 52Bloch and P u rce ll w ere the f ir s t  to re a lise  Üie experim ental
13applications of C NMR spectroscopy (1945). By the mid 1960s, G rant
and h is co-w orkers had succeeded in studying many c lasses  of organic
53compounds with this technique . It is  hoped that CMR sp ec tra , which
a re  sensitive to sm all changes in  the s tru c tu re  of m olecules, w ill afford
maximum inform ation in  the study of fatty acids and the ir derivatives.
54F ro s t and Guns tone have studied the slii elding and desM elding
effects of certa in  commonly occurring  functional groups in natural and
synthetic long-chain acids by NMR spectroscopy and a s im ila r study 
13of the C NMR sp ec tra  of acetylenic, olefinic, and oxygenated long-chain 
acids (esters) is  now being undertaken. A paper on alkanoic and alkynoic 
acids has already been p repared  and the re su lts  reported  h e re  w ill, along
with o thers , m ake up a paper on olefinic acids and e s te rs .
55 13Guns tone e t a l . re p o rt that with the C NMR fac ilities  available
in St. Andrews they w ere  able to distinguish five signals fo r alkanes,
eleven fo r alkanoic acids, and twelve fo r methyl alkanoates. These resonance
signals averaged over the range C to C fo r the acids and e s te rs , w ereo 6 jL
allocated as follows :
alkanes
C —---  C ------- C -------- C ------ (C) n
14.14 22.85 32.14 29.58 29.90 29.58 32.14 22.85 14.14
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alkanoic acids
ROOH— C  C  C  C  C — (C)n
180.60 34.23 24.80 29.22 29.38 29.56 29.80 29.49 32.06 22.79 14.12
m ethyl alkanoates
CH OOC------------- C -------C ------- C --------C ------- C------(C)------- C-------C-------- C------- C
51.26 174.04 34.18 25.11 29.36 29.45 29.64 29.84 29.53 32.10 22.83 14.13
The CgQ and alkanoic acids p repared
during the course of this re sea rc h  p ro jec t w ere used in tins survey.
From  their study of 0 ^ -0 ^ ^  acids with one o r two acetylenic cen tres  
they w ere able to assign  quantitative values to the influence of GOOH, CH^ 
a n d C ^ C  group on neighbouring carbon atom s. A s im ila r survey of olefinic 
a c id s /e s te rs  is  now being undertaken.
The resu lts  obtained fo r the olefinic acids (esters) used o r p repared  
in this synthetic study a re  se t out in  Table 8 . The allocations a re  made 
oh the following basis .
(i) The distinctive signals fo r 0(1), 0(2), 0(3), W1 W2 and W3
a re  readily  assigned. This is  true  also fo r the olefinic carbon atom s (for
detailed assignm ent see  below) and fo r the allylic carbon atom s which a re  
56reported  by o thers to give resonance signals around 27. 32 ppm.
(ii) On this b a s is  a ll the signals for 18:3 (6,9,12) w ere  easily 
assigned and it  was then not difficult to assign  a signal to the W4 carbon 
atom in all the W6 a c id s /e s te rs . (Although acids and e s te rs  do not give 
identical signals they a re  unlikely to be significantly different fo r the
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W1-W4 carbon atom s). I t  is  then possib le, from  these four a c id s /e s te rs  to 
get a rough value fo r the influence of a cis double bond on the p , Y » Ô &nd 
■ ^  carbon atom s and to u se  these along with values previously observed 
fo r s tea ric  acid, arachidic acid and their methyl e s te rs  to determ ine the 
rem aining assignm ents. Once this has been done m ore refined values for 
the influence of the double bond on neighbouring carbon atom s can be 
m easured  and these a re  given in  Table 9. I t  is  of in te re s t to com pare 
these with values fo r the effect of a trip le  bond (Table 9). The trip le  bond 
exerts  an ' cx effect’ of -10 .96  while that of the double bond is  only -2 . 51. 
The subsequent effects on p , Y,  Ô and (  carbon atom s a re  also 
correspondingly low er fo r the double bond.
(iii) To allocate the olefinic signals between the olefinic carbon 
atom s i t  is  necessary  to u se  inform ation from  the s e r ie s  of oc tad ec enoic 
acids (Charles M. Scrim geour-  p riva te  observation). With these acids 
there a re  two olefinic signals except fo r th e A l2  (129, 94 ppm) and 13 
(129. 90 ppm) acids. Using the m ean value (129. 92) the other olefinic 
signals can be given a value represen ting  the difference between the 
observed value and the m ean value (129. 92) which m ust rep re se n t the 
olefinic signal undistrubed by COOH o r CHg.
Isom er A 6 A 1  A 8 A 9 A 1 Ê A 11 W 3
C(n)/W m -0 .9 1  - 0 .4 7 - 0 .2 7  -0 .1 4  -0 .0 9  -0 .0 3  +1.62.
C (n + l)W m  + l  +0.71 +0.39 +0.25 +0.17 +0.08 +0.04 -0 .5 3
In addition, following the successful treatm ent of the acetylenic
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acids, we assigned term s such as those shown below to indicate the influence 
of a double bond on nearby olefinic carbon atom s.
-CH=CH-CH -CH=CH- -CH=CH-CH„-CH-CH-CH -CH=CH-I 2 I -  -  2 1 2 ,p p p p -  -  p p ( e
p '  p  -  -  P  p ‘
I t
Ç; i  p p _ _
F or example the signals fo r the olefinic carbons in  linoleic acid 
w ill be given by :
C(9) 129.92 -  0.14 +
C(10) 129.92 + 0.17 + p
C(12) 129.92 + 0.00 + p
C(13) 129.92 + 0.00 + p^
Since these have to fit the observed values of 128. 08, 128.24, 130. 01 and 
130.20 ppm it  is  possib le  to derive values of p and p T hese values 
obtained from  our six poly enoic acids a re  sum m arised  in  Table |0  •
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TABLE 9
Changes in chem ical shift of CH^ 
groups (29. 80 in acids and 29. 84 in
** <X P Y 6
CHg (14.13) ~ 7.01 +2.26 -0 .3 1 - -
COOH (180. 60) + 4 .43 -5 .0 0 -0 . 58 -0 .4 2 0.24
GOOCH (174.04) 
51.26
+ 4 .34 -4 .7 3 —0,48 -0 .3 9 - 0.20
- C F C -  (80.19) -10 .96  
* -10 .73
-0 . 56 
-0 .3 0
-0 . 84 
-0 . 65
-0 .5 3
-0 .4 9
-0 .1 6
-0 .0 9
C H C H - (129.92) -  2.51 
* -  2.14
-0 . 05 
-0 .1 9
-0 .4 0 - 0.20 -0 .0 5
0.05
** These values a re  quoted from  the paper by Guns tone et al except 
fo r the la s t line winch is  based on our assignm ents in  Table 8 . These 
a re  subject to co rrection  on the b asis  of additional inform ation being 
gathered on oüier olefinic acids (esters).
The upper line re fe rs  to CH and lower line to CH .Â O
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TABLE 10
Effect of (cis) olefinic cen tres on 
the resonance signals of o ther 
olefinic carbon atoms
P p '
18:2 W6 -1 .8 5  +0.23
-1 .8 4  +0.28
20:2 WG -1 .8 5  +0.21
-1 .8 9  +0.24
AVGE - 1 .8 6  +0.24
18:3 W6 -0 .3 9  +0.35
-0 .3 2  +0.26
20:3 W6 -0 .3 7  +0.25
-0 .3 5  +0.27
AVGE -0 .3 6  +0.38
18:3 W3 -0 .2 9  +0.15
—0.25 +0.10
20:3 W3 -0 .2 3  +0.15
- 0 .22  +0.08
AVGE -0 .2 5  +0.12
E X P  E R I M E N T A L
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EXPERIMENTAL
1. GENERAL PROCEDURES
(i) Solvents
All solvents w ere  reagent grade. P e tro l ether was d istilled  and the 
fraction  boiling between 40^ and 60°C was used. Benzene, carbon te trach loride , 
acetone, niethanesulphonyl chloride, triethylam ine and thionyl chloride w ere 
red is tilled  before use.
Methanol was dried  by Vogel’s method . Diethyl e ther and 
xylene w ere  dried  by (i) standing over calcium  chloride overnight, (ii) de­
canting and d istilling  and (iii) storing  over sodium w ire . Chloroform  was 
refluxed fo r one hour with phosphorous pentoxide and then d istilled .
P yrid ine  was refluxed fo r two hours with potassium  hydroxide pelle ts  before 
d istilla tion  and then the dry  pyrid ine sto red  over potassium  hydroxide.
(ii) M elting points.
M elting points w ere determ ined on a Kofler hot stage apparatus 
and a re  uncorrected .
(iii) Chrom atographic procedures
Thin lay e r chrom atography (TLC)
A nalytical TLC was c a rr ie d  out on glass p la tes coated with 0. 25 mm 
lay er (wet thickness) of s ilica  gel G. F o r s ilv e r ion TLC s ilv e r n itra te  
(15% W:W) was added to s ilic a  gel G. The p lates w ere  activated fo r 1 h r  
a t 120^0. F or separation  on a p repara tive  scale, p la tes (20 cm x 20 cm) 
with a s ilica  gel lay er of 1 mm (wet thiclcness) w ere activated fo r 2 h r at 
120°C. \
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M ixtures of petroleum  and diethyl e ther w ere used as developing 
solvents. Abbreviations such as P E  20 indicate m ixtures of petroleum  and 
e ther in a ra tio  of 80 to 20 ( v : v ).
Components separa ted  on analytical TLC plates w ere generally 
detected by spraying with an ethanolic solution of phosphomolybdic acid 
(10%) followed by heating fo r ca. 10 m in at 120^0 .
P rep a ra tiv e  p la tes  w ere  sprayed with an ethanolic solution of 2^,
17 -  dichlorofluoroscein (0.2%) and viewed under u ltrav io le t light. Bands 
w ere m arked and scraped  off, ex tracted  with e ther and filte red . The e ther 
was evaporated and the weight of each residue  was recorded . The o rd e r of 
the separated bands is  designated 1 ,2 ,3  etc. according to th e ir decreasing  
Rf values.
Column Chrom atography
Compounds w ere purified  by column chrom atography whenever 
necessary  using columns of appropriate  dim ension (40 x 1" fo r 2-5g,
48 X 2" fo r 10-20g quantities). The stationary  phase was so rb sil and 
petro leum -ether m ix tures w ere used as eluting solvents. The columns 
w ere  packed in  the p resence  of solvent.
Gas liquid chrom atography (GLC)
Gas liquid chrom atography was ca rried  out with a P ye  104 
chrom atograph fitted  with a flam e ionisation detector. The columns used 
w ere  of stain less steel o r g lass (1. 52 m x 4 .75  mm id) and contained 
di ethylene glycol succinate (DEGS 20%) coated on Chromos orb AW -  DMCS 
(dimethyl chlorosilizane) 80-100 m esh. The num ber of theoretical plants
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was about 1700 which deterio ra ted  slightly with use. N itrogen was used as 
c a r r ie r  gas. The flow ra te  was usually  60 m l/m in . The norm al oven 
tem peratu re  was 180-190^C. The operating conditions w ere varied  accord­
ing to tlie na ture  of the substance under consideration.
The com position of a m ixture was estim ated on the b a s is  of peak 
heights and retention d istances. Saturated s tra igh t chain m ethyl e s te rs  w ere  
used as external (or in ternal) standards fo r the determ ination of ECL 
(equivalent chain length). A pparent inconsistencies in ECL values' reported  
in  the text w ere  due to deterio ra tion  of the po lar liquid phase with u se .
W henever possib le  the GLC behaviour of a  reaction  product was com pared 
with that of an authentic sam ple run consecutively.
(iv) Spectroscopic procedures
Infrared  (IR)
IR sp ec tra  w ere  recorded  on P e rk in -E lm er 237 and 257 sp ec trom eters . 
Samples w ere run e ither as film s between sodium chloride d iscs o r as ca. 1% 
solutions in  carbon te trach lo ride  o r carbon disulphide using sodium chloride 
cells  of 1 mm path length.
N uclear m agnetic resonance (NMR) (^H)
Spectra w ere recorded  at 100 MHz on a V arian  HA 100 instrum ent 
using ca. 15% solutions in carbon te trach loride  which contained 3% 
tetram ethylsilane as in ternal standard.
All shift values a re  given in ppm downfield from  tetram ethyl­
silane (6 = 0 ) . Coupling constants a re  given in Hz. The following
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abbreviations a re  used fo r describ ing Üie appearance of NMR signals : 
s(singlet), b . s . (broad singlet), app .d . (apparent doublet), t(trip le t), and 
m (multiplet).
13N uclear magnetic resonance (NMR) ( C)
Spectra w ere recorded  at a field of 18. 7 KG on a V arian  OFT -  20
13C NMR spectrom eter. IM solutions in CDCl^ (10 mm tubes) with TMS 
as in ternal standard w ere  used. The sp ec tra  w ere noise decoupled and w ere  
run in  the range 0.200 ppm and, in  som e cases, 0-50 ppm to give an 
expansion of the 29 ppm region.
(v) M ass Spectrom etry (MS)
M ass sp ec tra  w ere  recorded  with d irec t-p robe  in sertio n  of sam ples
into the source of an A E l MS 902 m ass  spectrom eter. The source p re s su re
“ 7 owas 2 X 10 to rr  and the tem peratu re  about 200 C. The ionisation
potential was 17 o r 70 ev with respec tive  ion cu rren ts  of 100 and 500 uA.
Gas chrom atograph m ass  spectrom etry  was used whenever
necessary .
(vi) GENERAL CHEMICAL PROCEDURES 
E stérification
(a) From  acids
F or sm all sca le  m éthylation the fatty  acid (50 mg) was refluxed 
fo r 30 m in with a 2% solution of sulphuric acid in  dry methanol (2 m l). A 
2% solution of boron trifluoride-m ethanol complex in dry m ethanol (10 ml) 
was also som etim es used. The cooled reaction  m ixture was poured into
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brine  (2 ml) and extracted  witli e ther ( 2 x 2  ml). The e ther ex trac ts  w ere  
pooled and dried.
L arge  scale  m éthylation (20g) was carried  out by refluxing the acid 
fo r 1 h r  with m ethanolic sulphuric acid (75 m l, 0. 5 M). The cooled reaction  
m ixture was poured into b rin e  (40 ml) and extracted  with e ther (2 x 100 m l). 
The e ther ex tracts  w ere  washed with aqueous sodium hydrogen carbonate 
(5%, 2 X 20 ml) and b rin e  (2 x  20 m l), combined and dried.
b) From  trig lycerides
Small scale  tran sesté rifica tio n s  of trig lycerides w ere  ca rried  out 
using the sam e procedure as fo r the sm all sca le  estérifica tions of acids, 
except that the trig lyceride  was dissolved in  dichlorom ethylene (1 ml) and 
refluxed for 2 h r  with m ethanolic sulphuric acid (2% sulphuric).
H ydrolysis
Small sca le  hydrolyses of e s te rs  (Ig) w ere c a rrie d  out with 
ethanolic potassium  hydroxide (10 m l, KOH 0, 56g, w ater 0. 5 m l and ethanol 
9. 5 ml) for 1 h r  a t reflux tem peratu re. The reaction  m ix ture  was poured 
into sulphuric acid (4 m l, 0. 5M) and b rin e  (20 m l, 5%) and the acid was 
extracted with petro l (3 x 20 m l). The combined petro l lay e rs  w ere  washed 
with w ater (20 ml) and dried.
L arge sca le  hydrolysis was c a rr ie d  out in the following m anner : 
a  m ixture of the oil (500g), potassium  hydroxide (115g), w ater (125 ml) and 
ethanol (400 ml) was p repared  in  a flask  (2 1) and refluxed fo r 1 h r . The 
flask  was then se t aside to cool in  ice . During the reflux sulphuric acid
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solution 200 m l conc. sulphuric added to crushed ice and w ater
(1 was p repared . The reaction  m ix ture, followed by the acid solution 
(600 m l), was added in  to crushed ice  (500 ml) in a separating  funnel (2 1). 
The m ixture was shaken thoroughly to ensure  all the potassium  sa lts  w ere 
neu tra lised , and the two la y e rs  w ere  allowed to separa te . The low er lay er 
was drawn off into another separating  funnel and extracted  with e ther 
(200 m l). The ether ex trac t was added to the organic lay e r from  the f i r s t  
separation  and the m ix ture  ex tracted  with w ater (2 x 100 m l). The organic 
phase was tran sfe rred  to a weighed ro ta ry  evaporator flask  and benzene 
(200 ml) was added (this was done in a fume cupboard). The solvent was 
rem oved on a ro ta ry  evaporator and the weight of the acids obtained w ere 
recorded .
T rim  ethyls ily lati on
The hydroxy compound (5 m g), dissolved in dry pyridine (1 ml) 
was s tir re d  (magnetic s t i r re r )  fo r 1 m in with hexam ethyldisilizane 
(0.2 ml) and trim ethylchlorosilane (0.1 m l). The solution was allowed to 
stand fo r 5 m in and then poured into p e tro l (2 m l). T his m ixture was 
washed with w ater ( 4 x 2  m l). The p e tro l lay er was then dried  and 
evaporated for examination by GLC.
P rep a ra tio n  of m ethanesulphonates (mesylation)
A dry pyridine solution (500 ml) of alcohol (20g), usually  p repared  
by reduction of the corresponding pure  (99%) methyl e s te r , was placed in a 
three necked flask  (500 ml) equipped with a m echanical s t i r r e r  and dropping 
funnel and was chilled in an ice-bath  during the slow addition of
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methanesulphonyl chloride (20g, 1;2 m ole ra tio  of alcohol to m esyl chloride)
over 1 h r . A fter s tirr in g  fo r a fu rth er 2 h r at room tem peratu re, ice  and
hydrochloric acid (2 M, 200 ml) w ere added slowly and the m esylate
(26g, 90%) was recovered from  an ether ex tract (3 x 150 ml) which had
been washed with sulphuric acid (IM, 150 m l), w ater (100 m l), potassium
hydrogen carbonate (1% aqueous, 200 ml) and w ater (100 ml).
An IR spectrum  of the m esylate  confirm ed the absence of the O-H 
“ 1stretch ing  at 3340 cm and the p resence  of bands at 1125, 1290 and 1315 
cm  ^ associated  with 8=0  stretching.
Reduction with lithium  aluminium hydride 
The e s te r  (20g) in  dry e ther (200 ml) was added dropw ise to a 
s t ir re d  suspension of lithium  aluminium hydride (4g) in dry e ther (250 ml) 
in  a  3 necked flask  (11). A fter s tir r in g  fo r a fu rth er 30 m in the excess of 
hydride was carefully  destroyed with wet ether (200 ml) followed by w ater 
(200 m l). A fter addition of sulphuric acid (IM, 300 m l), the product was 
extracted with ether (3 x 150 ml).
‘ Reduction of oxo e s te rs  to hydroxy e s te rs  with sodium borohydride 
Sodium borohydride (30 mg) was added to a  s tir re d  solution of the 
methyl oxo e s te r  (30 mg) in methanol (3 ml) and le ft to re a c t a t room 
tem perature. A fter 30 m in the m ixture was diluted with w ater, acidified 
with hydrochloric acid (2M, 2 ml) and the product was ex tracted  with e ther 
(2 x 2 ml).
yon Rudloff oxidation
A stock aqueous solution of sodium m etaperiodate (20 . 86 g,
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0. 0975 M) and potassium  perm anganate (0.4g; 0. 0025 M) and another of 
potassium  carbonate (2% o r 2 . 5g/l) w ere p repared .
The potassium  carbonate solution (5 ml) and the oxidant solution 
(30 ml) w ere added to the unsaturated  m ateria l (100 mg) dissolved in 
distilled  t-butanol* (10 m l). The m ix ture  was s tir re d  overnight a t room 
tem peratu re. A fter the excess oxidant had been destroyed with sulphur 
dioxide the solution was m ade alkaline (aq. KOH) and butanol was rem oved 
carefully  under vacuum. The residue  was acidified (2 M Hcl), satu rated  
with sodium chloride solution and extracted  with e ther (3 x 25 m l). The 
combined e ther la y e rs  w ere  then washed (2 x 20 ml) and dried  and the 
resu lting  monobasic and dibasic acids w ere  esterified  (boron trifluoride 
methanol) for GLC examination.
*Com m ercial t-butanol (700 ml) was f i r s t  oxidised with aqueous potassium  
perm anganate (6%, 50 ml) by s tir r in g  together at 60^.
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2. Chain-extension by anodic synthesis.
2 .1 . P repara tion  of s ta rtin g  m a te ria ls .
P u re  (99%) decanoic, undecanoic, dodecanoic, tetradecanoic, 
undec-lO -ynoic, dodec-8-ynoic, octadec-c is-5 -eno ic, o c tad ec -c is -6-enoic, 
oc tadeca-cis-9 , cis-12-dienoic (linoleic), oc tadeca-cis-6 , c is 9, c is-12 -trieno ic  
( Y-linolenic) and oc tadeca-c is-9 , c is -12 , c is-15 -trieno ic  ( cx-linolenic) 
acids w ere available in the laboratory .
(i) P u re  oleic acid
Technical oleic acid (380g, 75% was purified by the following 
p ro cesses  : (i) in teraction  with u rea  (200g) and methanol (600 ml) to rem ove 
an adduct rich  in palm itic acid, (ii) in teraction  with u re a  (850g) and methanol 
(2 1) to obtain an adduct rich  in  oleic acid (84%) (iii) rec ry sta llisa tio n  of the 
adduct from  methanol (11), (iv) in teraction  of the product (180g, 89%) with 
u re a  (lOOg) and methanol (500 ml) to give oleic acid (95%) in the m other- 
liquor and (v) final c ry sta llisa tio n  from  petro l (10 vol) a t -32^ to give pure  
oleic acid (50g, 100%).
(ii) Methyl hydrogen succinate
Succinic anhydride (>99% pure  as dies te r by GLC, lOOg, 1 mole) 
was refluxed with methanol (80 ml) fo r 45 m in. The excess m ethanol was 
rem oved on a ro ta ry  evaporator and the residue taken up in  a petroleum  
e th e r/e th e r (1:1) m ixture. C rysta ls  of methyl hydrogen succinate which 
separated  a t room  tem peratu re  w ere  filte red  and dried  (76g, 58%, m .p .
55^-57^, l i t  58° On TLC (petroleum e ther, e ther, acetic  acid 50:50:1)
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this product showed up as a brown spot with iodine vapours and there  was 
no evidence of any dies te r . The h a lf-e s te r  gave NMR signals a t 2. 64
[4H, j  , 3 .70 |3 H ,s ,-C O O C h 1  and 11. 56  1H, s , - C O O l ^  .
58(iii) Methyl hydrogen adipate
A m ixture of adipic acid (99% pure , 146g, 1 m ole), dimetliyl adipate 
(lOOg, 0.58 m ole), d i-n-butyl e ther (50 m l), conc. hydrochloric acid (25 ml) 
and methanol (60 ml) was refluxed fo r 4 h r  with no second addition of 
methanol as recom m ended in the original meüiod. A fter rem oving excess 
solvent under w ater pump p re s su re  the m ixture was d istilled  using a sh o rt 
Vigreux column under oil pump p re s su re . A fter recovering  dimethyl 
adipate (l67g, b .p . 90-100°C/4 mm ), a  m ixture of dies te r  and h a lf-e s te r  
(lOOg, b .p . 100-140°) was obtained. This was red istilled  to obtain pure  
methyl hydrogen adipate (90g, 56%, b .p . 125-135°C/0. 8 m m , l i t  ,
158°/10 mm). I t was checked fo r purity  by TLC (see m ethyl hydrogen 
succinate).
Methyl hydrogen adipate gave NMR signals a t 1. 64, J=4Hz 
[4H, m ,-(C H g)g^ , 2 .28 [2H, app. d,-CH^COOCH^ , 2.34 j2H, app .d , 
HOOCCHg-^ , 3.60 j3H ,s.,“COOCH^ and 11.6 ô |lH , b r .  s ,-C O O ^  
and dimetliyl adipate at 1 .62, J=4Hz |4H ,m , -(C H g)^^ , 2.28 |4H ,m , 
HgCOOCCHg^ and 3. 62 jeH, s , - C O O C ^  .
(iv) Methyl hydrogen sub e ra  te
Suberic acid (200g) was heated with di-n-butyl e ther (70 ml) and 
conc. hydrochloric acid (30 m l). A fter all the acid had dissolved, the 
m ixture was cooled and methanol (60 ml) was added and refluxed. This
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m ixture was s tir re d  fo r m o re  efficient estérification  w hilst i t  was refluxed 
(4 h r , oil bath). The h a lf-es te r was iso lated  by d istilla tion  (see m ethyl 
hydrogen adipate). Dimethyl suberate  (75g, b .p . T20-140°/8 m m , lit.
120°/6 mm ), a m ixture of d ie s te r and h a lf-e s te r (37g, b .p . 140-160°) 
and methyl hydrogen suberate  (76g, 40%, b .p . 160-l70°/3  m m , lit. 185-186°/
18 mm^^) w ere obtained.
The h a lf-e s te r  showed NMR signals a t 1.38 and 1.64 jsH jm ,-
. 2.31
COOCH —3
2H,m ,-CH„COOCH^ , 2 .35 |2H ,m ,-C H ^C 001^ , 3.66-2  3|
and 1 1 .2 0 6  [m .b .s ,- C O O ] ^ .
(v) Methyl hydrogen azelate
Techincal azelaic acid (450g, 50% p u re ), c ry sta llised  th ree  tim es
from  acetone at room  tem peratu re , gave the pure acid (13Og, 99% pure  by
GDC, ECL of d ieste r 17.3).
P u re  azelaic acid (188g, 1 m ole), dimethyl azela te  (lOOg, 0. 58
m ole), d i-n-butyl e ther (50 ml) and conc. hydrochloric acid (20 ml) w ere
refluxed till the m ixture was homogeneous. The m ixture was cooled,
methanol (60 ml) added, and the m ixture refluxed fo r 4 h r . The h a lf-e s te r
was then isolated by d istilla tion  (see methyl hydrogen adipate). Dimethyl
azela te  (llOg, b .p . 140°/12 m m , lit.^ ^  128°/5 mm ) was obtained f ir s t
followed by the h a lf-es te r  (90g, 40%, b .p . 155°-160°/oil pump l i t . 158-159. 5 /
61"3 mm) TLC showed this to be free  of d ieste r.
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2 , 2 . Apparatus and G eneral procedure  
, Apparatus 1 (fig 1 page 70) consisted of a  cylindrical g lass cell (two 
sizes w ere used : 15 and 6 cm in  height with a  d iam eter of 3 cm ), containing 
two p a ra lle l platinum -foil e lectrodes (2. 0 x 1 .5  cm) kept 3 mm apart. The 
cell was cooled in ice-w ate r and a therm om eter suspended with the bulb n ear 
to the p la tes m easured  the in ternal tem peratu re, which was kept below 
50°. When s tirr in g  of the e lectro ly te  was necessary  (especially when solid 
e s te rs  w ere  form ed in  the reaction) a g lass  s t i r r e r  was used.
Each electrode was spot-welded to a sho rt p iece of platinum  w ire  
sealed  into the end of a length of g lass tubing. E lec trica l contact was m ade 
by dipping two copper leads into the two tubes through sm all pools of m ercury . 
•The power was supplied from  a 180 volt D, C, source (Fig 2).
The solvent used  was m ethanol, containing enough sodium hydride 
(a 50% dispersion  in oil MW 48 instead of m etallic  sodium) to n eu tra lise  
2% of the acids. E lec tro ly sis  was continued until the e lectro ly te  becam e 
distinctly  alkaline (pH 8-9).
During e lec tro lysis  the direction  of the cu rren t was rev ersed  
periodically , and especially  when the cu rren t began to fall towards the end 
of the reaction . An insoluble product usually form ed on the e lec trodes, in  
varying amounts depending on the acids used. This was not always 
completely removed by rev ersin g  the c u rren t, and cleaning of the electrodes 
failed to make any appreciable difference, so that fo r the la s t  20% of an 
e lec tro lysis  the cu rren t had to be reduced to keep the cell tem perature  
down to below 50°.
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APPARATUS 2
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FIG . 3 TH E DIÎSH.-NGUYËN C E L L .
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A fter e lec tro lysis , the insoluble product was filte red  off, the 
filtra te  neutra lised  with a few drops of acetic acid, m ost of the methanol 
rem oved under reduced p re s su re  and the residue purified by column 
chrom atography. Sorbsil (200g) was sufficient for 5g of reaction  product. 
Hydrocarbons w ere eluted with PE  2 followed by nonoester eluted with PE  5 
o r PE  10 and dies te r  eluted with ether.
A pparatus 2 (Fig 3 page 71) consisted of a cylindrical double­
walled g lass vesse l (with an in le t and outlet fo r w ater circulation) con­
taining m ercury  a t the bottom which served  as the cathode, and a s t i r r e r  
(a g lass tube filled with m ercu ry  and open on top) with two arm s below.
A platinum sheet I j  x 1” (0.005” thick) was mounted horizontally by 
. spot-welding, to two sh o rt p ieces of p la tinum  w ire  sealed into the two arm s 
of the s t i r r e r .  E lec trica l contact was m ade with the anode with a lead 
dipping into the m ercu ry  in  the s t i r r e r  and with the cathode through a 
platinum  w ire  into the stem  of the vesse l (which was filled  with m ercury) 
ju s t above the tap. The anode was placed a t a distance of 1 cm above the 
level of mercury* The s t i r r e r  was attached by a pulley to an e lec tric  
m otor which was controlled by a v a riac . The power was supplied from  a 
180 volt D. C. source with an am m eter which read  up to 1 amp.
The solvent was methanol o r aqueous m ethanol, to which sodium 
hydride (a 50% d ispersion  in oil MW 48) was added to n eu tra lise  10% of 
the acids. E lec tro lysis  was continued until the cu rren t fe ll from  0. 7 amp 
to 0 .2  amp. The anode was ro tated  a t a fa irly  high speed to b ring  about 
efficient s tirrin g .
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During the e lec tro lysis  an insoluble product usually form ed on the 
anode (as in apparatus 1) in  varying amounts depending on the acids used. 
Sometimes i t  becam e necessa ry  to stop the e lectro lysis  and clean the anode.
A fter e lec tro ly sis , the insoluble product was filte red  off and the 
filtra te  neutralised  with a few drops of acetic  acid, m ost of the methanol 
rem oved under reduced p re s su re  and tlie residue purified by column 
chrom atography (as detailed in apparatus 1).
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2 .3 . ANODIC SYNTHESES
(i) Methyl e ic o s -c is - ll-e n o a te
(a) P u re  oleic acid (1. 5g, 5 m m oles), methyl hydrogen succinate 
(4. Og, 30 mmoles) and sodium hydride (35 mg of a 50% dispersion  in oil 
equivalent to 2% of total acid) in methanol (30 ml) w ere electro lysed 
(Apparatus 1, cu rren t 0 .4 -0 . 5 amp) with frequent inversion  of polarity  fo r 
4. 5 h r  a t 40-50°C. The e lec tro lysis  was stopped when the solution becam e 
distinctly alkaline. The reaction  m ix ture  was acidified (acetic acid) and 
excess methanol d istilled  off. The residue  (4g) was purified by column 
chrom atography (25 cm column of Sorbsil). The products w ere (i) hydro­
carbon ^ 5 0  mg ; probably a m ixture of 17:2 (1, 8) and 34:2 (9,25)j ,
(ii) methyl eicosenoate (700 m g, 46%, 96% pure , ECL 20.4) and (iii) dies te r 
(2g, a m ixture of dimethyl succinate and adipate).
The 20:1 e s te r  gave NMR signals a t 0. 88 |sH , tjCH^CH^-^ , 1.28 
L c H g )  j  , 1 .96 -2 .01  |4H, a p p .d ,-C H C H C H ^^ , 2 .21 |2 H ,t,-C H g  
C O O C h L  3.57 jsH .s.-C O O C H ^ and 5.26 5  .
(b) Oleic acid (1.43g, 5. 0 mmoles) and methyl hydrogen succinate 
(4. Og, 30 m m oles), sodium hydride (168 mg) w ere e lectro lysed  in methanol 
(45 ml) fo r 3. 5 h r  (Apparatus 2, a t a  cu rren t of 0 .7  amp falling to 0 .2  amp 
a fte r 3 h r). Methanol was rem oved as before afte r the solution had been 
acidified with acetic acid. The residue  was purified by column chrom ato­
graphy and the products w ere again (i) hydrocarbon (150 mg) (ii) methyl . 
eicosenoate (800 mg, 50% , 98%pure) and (iii) dies te r  (3 .7g).
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Oxidative cleavage (von Rudloff oxidation, see  general chem ical 
procedures) confirm ed the position of the double bond a t Z \ l l .  The 
cleaved e s te r gave two peatis on GLC which corresponded to methyl 
nonanoate and dimethyl undecanedioate.
(ii) Methyl docos-cis-13-enoate
Oleic acid (1. 5g, 5. 0 m m oles) and methyl hydrogen adipate (4. 8g,
30 mmoles) w ere e lectro lysed  fo r 3 .5  h r  in methanol as detailed in the 
p reparation  of the 20:1 e s te r  (Apparatus 2). The following products w ere 
separated  by column chrom atography; (i) hydrocarbon (400 mg), (ii) methyl 
dooos-cis-13-enoate (100 mg, 6%, Eel 22.4) and (iii) d ie s te r (2 . 5g).
(iii) Methyl e ic o s a -c is - l l ,  c is-14-dienoate
Linoleic acid (10. 9g, 35 m m oles, >  99% pure) and methyl hydrogen 
succinate (22. Og, 140 m m oles) w ere  electro lysed in methanol (100 ml) fo r 
,54 h r  (Apparatus 2) using the sam e conditions as fo r the 20:1 e s te r . The 
total product (27g) when purified by column chrom atography gave (i) 
hydrocarbon (2. 5g) (ii) methyl docosa-cis-11 , c is-14-dienoate (4. 5g, 37%, 
84% pure , ECL 23. 0) and (iii) d ie s te r  (13.2g). The 20:2 e s te r  was con­
tam inated with some m ethyl linoleate.
Methyl d o c o sa -c is - l l ,  c is-14-d ienoate gave NMR signals a t 0.91 
[sH .t.C H gC H gjj , 1.29 . 2 .00 -2 .06  jéH , ap p .d ,-C H g C H ^C al ,
2.22 |2H ,t,-CH „CO CX :H j , 2 .72 L 4
COOCH^ and 5.28 b  j7H ,m ,-C H = € H ^ .
2H ,t,=CHCHgCH^ , 3.58 j s H ,s , -
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(iv) Methyl docosa-c is-13 , cis-16'~dienoate
Linoleic acid (4. 2g, 15 mmoles) and methyl hydrogen adipate 
(9. 6g, 60 mmoles) w ere  e lectro lysed  (Apparatus 2) in  methanol (90 ml) fo r 
18. 5 h r. The total product (15g) on column purification yielded (i) hydrocarbon 
(1. Og), (ii) methyl docosadienoate (3. Og, 58%, 95% pure, ECL 23.0) and
(iii) dies te r  (4. Og).
This p reparation  was repeated on a la rg e r  sca le  when linoleic acid 
(11. 5g, 40 mmoles) and methyl hydrogen adipate (25.7g, 160 mmoles) w ere 
e lectro lysed in  methanol (120 ml) fo r 42 h r. The product yielded (i) hydro­
carbon (2.4g), (ii) methyl docosa-cis-13 , cis-16-dienoate (6.4g, 50%, 94% 
pure , Eel 23.0) and (iii) dies te r (6.9g).
This 22:2 e s te r  gave the sam e NMR signals as the 20:2 e s te r  already 
reported .
(v) Methyl e ic o sa -c is -8 , c is-11 , c is-14 -trienoa te
Y -L inolenic acid (5.3g, 19 mmoles) and methyl hydrogen succinate 
(10. Og, 76 mmoles) w ere electrolysed fo r 27 h r  (Apparatus 2). P urified  
by column chrom atography the total product gave (i) hydrocarbon (655 mg)
(ii) mono es te r  (1.4g) and (iii) d ie s te r (5.7g).
GLC of the m onester (ECL 21. 5) indicated that it  was not homo­
geneous. The m ain component had an ECL of 21. 5 and a shoulder peak at 
21.2 . On prep TLC (PE 20) two m erging bands w ere observed but these 
w ere b e tte r separated with s ilv e r ion chrom atography to give component 
1 (233 mg, ECL 21.1) and component 2 (911 mg, 20% yield based  on Y 
18:3 ; ECL 21.4).
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Component 1 (possibly a cyclised product) gave NMR signals at 
jo. 88 t,CHgCH^-^ , 1. 30 2"(CHg)^^ 1. 53 and 1. 62 [% se ts  of , 
2 .00 -2 .06  [app. d,-CH=CHCHg^ , 2.23 j^.C H ^C O O CH ^ , 2.74 |1 ,-  
CH=CHCHgCH=:CH^ , 3.16 |sj , 3.26 |”n ^  , 3.58 |s , - C O O C ^  and
5.32 Ô ^ ,~ C H = C H ^ .
The IR spectrum  showed no evidence of a trans double bond.
Component 2 is  probably the expected 20:3 (8c 11c 14c) e s te r  on 
the b asis  of its  NMR signals a t 0. 89 jsH, t, CH^CH J  , 1. 32 |Z(CHg)^^ , 
5.00-2.07 |4H, app.d,-CH=CHCHg- , 2.22 j2H, t,-CH^COOCH^ , 2.76
|4H,t,-CH-CHCH„CH=CH-| , 3 .58%2— Q 3H ,s,-C O O C H ^ and 5.30 5  jôH.m ,
-CH=CH^ .
This spectrum  was s im ila r to that of the 18:3 (6c 9c 12c) e s te r.
The i r  spectrum  showed no evidence of a trans double bond.
(vi) Methyl e ico s-c is-7 -enoate
O ctadec-cis-5-enoic acid (1. 5g, 5. 3 mmoles) and methyl hydrogen 
succinate (4. Og) w ere e lectro lysed  in  methanol for 10 h r  (Apparatus 2).
The total product (3. Og), purified  by column chrom atography, gave 
(i) hydrocarbon (260 mg) (ii) m onoester (350 mg, 21%) and (iii) d ie ste r 
(2.5g).
The m onoester was homogeneous on GLC (ECl 20. 3) and gave one 
band on prep TL C , but on s ilv e r ion p late  two m erging bands w ere observed. 
Component 1 (90 mg, ECL 20.2 which may be a cyclised product gave NMR
signals a t 0 . 88 t .C H g C H g L  1.26 , 1 .64 jml 1 .97-2 .02
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jâpp.d , C H g-C H C H ^ , 2.22 |m,CHgCOOCH^ , 3.12 and 3.26 j2 sets 
of and 3. 58 JsH, s,-C O O C H ^ , and 5.28 Ô jm ,-CH =CH ^ .
An IR spectrum  of this component did not show any evidence of 
a trans double bond.
Component 2 (280 mg, 17%, ECL 20.3) was probably the expected 
methyl e icos-c is-7 -enoate  on tlie b asis  of its  NMR signals a t 0. 88 3H, t,
CHgCHg^ , 1.26 |^(CHg) j  , 1 .96 -2 .02  [jH , app.d,-CH=CHCH^- ,
2 .22  | 2H ,t,-CHgCOOCH^ , 3.58 [sH ,s,-C O O C H ^ and 5.26 Ô |m , m , -  
CH=CH^ .
An IR spectrum  of the m onoester did not show any evidence of a 
trans double bond.
(vii) Methyl e ic o s -c is -8- enoate
O ctadec-6-enoic acid (1.7g, 6 mmoles) and methyl hydrogen 
succinate (4. Ig , 28 mmoles) w ere e lectro lysed  in methanol (30 ml) for 
11 h r (Apparatus 2). The total product, purified by column chrom atography 
gave (i) hydrocarbon (205 mg), (ii) m onester (372 mg) and (iii) d ieste r
(2 . 0g).
The m onester did not sep ara te  on prep  TLC, but gave two c lea r 
bands on a s ilv e r ion plate . Component 1, possibly a cyclic product,
(105 mg, ECL 20.3) gave NMR signals a t 0. 88 ^,CHgCH j  ,1 .2 5
|m ,-C H gC O O C H ^ 3 .2 4  and 3. 5 8 6 ^H , s ,-C O O C lQ  . 
T here  was no evidence of olefinic protons.
Component 2 (58 m g, 3%, ECL 20. 5) was probably the expected
r  120:1 (7c) e s te r and gave NMR signals a t 0. 88 |3H, t, CH CH - |  , 1. 25L- -3  z §
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^(CHg) j  , 1 .96 -2 .00  j ln ,  app.d,-CH=CHCH2^  , 2.22 |2 H ,t,-C H g  
COOCH^ , 3.58 |sH ,s ,-C O O C H ^  and 5.26 Ô J=6Hz j2H ,m ,-C H =C H ^ .
An m  spectrum  showed no evidence of a-trans double bond.
(viii) Methyl octadec-16-ynoate
Dodec-lO-ynoic acid (2.4g, 12.4 mmoles) and methyl hydrogen 
suberate  (9.4g, 50 m m oles) w ere electro lysed  in methanol- (50 ml) for 
18 h r  (Apparatus 2). The total product (12. 7g) when purified by column 
chrom atography yielded (i) hydrocarbon (774 mg) (ii) m onoester (1. 86g, 
51%,ECL 21.3 94% pure) and (iii) dies te r (4. Og).
Methyl octadec-16-ynoate gave NMR signals a t 0. 94 j^ H ,s ,C H g ^  , 
1.24 |^(CHg)^-^ , 2 .15  |2 H ,m ,- C = C C H ^  , 2.22 |2H, t,-CH^COOCH^ , 
and 3.58 Ô |3H ,s,-C O O C H ^ .
(ix) Methyl oc tadec-l7 -ynoate
Undec-lO-ynoic acid (lOg, 55 mmoles) and methyl hydrogen 
azelate  (44.4g, 220 mmoles) w ere electro lysed in methanol (120 ml) 
fo r 40 h r  (Apparatus 2). The total product when purified  by column 
chrom atography yielded (i) hydrocarbon (4.3g), (ii) methyl octadecynoate 
(8 . 6g, 53%, ECL 21.5 96% pure) and (iii) dies te r  (21.4g). The m onoester
o(8.4g) was c ry sta llised  from  petro l to give pure  e s te r  (5.2g, 99%, m .p . 32 .
The m onoester gave NMR signals a t 1.27 |j(CH g) j  , 1.78 
|lH ,t ,C H = C ^  , 2 .15 |jH ,m ,C H = C C H g ^  , 2.22 [2H ,t,-C H ^C O O C hI
r  -  -  ' 3and 3. 58 Ô [3H, s ,-C O (X H ,
Undec-lO-ynoic acid gave NMR signals a t 1. 34 ^ (C R ^ )^ ^  ,
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1.77 | l H , t ,C H S ; n  , 2 .14 j^H .m .C H SC C H ^^ , 2.31 j^H .m .C H gC O O ^ 
and 12. 03 6  |Th,& . -C O O ^  .
(x) Methyl tridecanoate
Undecanoic acid (9 .6g, 52 m m oles) and methyl hydrogen succinate 
(27. 5g, 208 m m oles, added in  2 lo ts , 1 3 .7g at the s ta r t  of experim ent and
13. 8g after 38 h r of electro lysis) w ere  electro lysed fo r a  total period of 
76 h r  (Apparatus 2) in methanol (120 m l). The total product (36. 8g) when 
purified by column chrom atography gave (i) hydrocarbon (2 . 3g) (ii) m onoester 
(6.2g, 52%, ECL 13.0, 94% pure) and (iii) dies te r (19;'7g). The m onoester 
when c rysta llised  from  p e tro l (0^) was 99%pure (5.2g, 44%, m .p . 41-42^ 
as acid, lit^41 . 8)
(xi) Methyl pentadecanoate
Undecanoic acid (9. Og 48 m m oles) and methyl hydrogen adipate 
(37. 5g, 234 mmoles) w ere e lectro lysed  in methanol (120 ml) fo r 54 h r  
(Apparatus 2). The total product when purified by column chrom atography 
gave (i) hydrocarbon (1.6g), (ii) m onoester (9.4g, 77%, ECL 15.0, 97% 
pure) and (iii) d ie s te r (14. Og). The m onoester on c ry sta llisa tio n  from  
petro l (0^) was 99% pure (8.4g, 69%, m .p . 19- 19. 5°, lit^  19.1*^, 52.5° 
as acid).
(xii) Methyl heptadecanoate
Decanoic acid (4. 6g, 26 m m oles) and methyl hydrogen azelate  
(11. 3g, added in two lo ts as in the p reparation  of methyl tridecanoate) 
w ere electrolysed in methanol (70 ml) fo r 42 h r  (Apparatus 2). The total 
product (29g) on purification by column chrom atography gave
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(i) hydrocarbon (1.2g) (ii) m onoester (6 . 2g, 85%, ECL 17.0 , 83% pure 
containing methyl decanoate 17%) and (iii) d ieste r (14. Og). The m onoester 
was c ry sta llised  in petro l (0°) to obtain a 99% pure sam ple (5. Og, 68%, 
m .p . 28-29°, lit^ 29.7°).
(xiii) Methyl nonadecanoate
Dodecanoic acid (4. 5g, 23 m m oles) and methyl hydrogen azelate  
(18 .2g, 90 m m oles, added in two lo ts as in  the p reparation  of m ethyl 
tridecanoate w ere electro lysed  in  methanol (80 ml) fo r 20 h r  (Apparatus 2). 
The total product purified by column chrom atography gave (i) hydrocarbon 
(1.3g) (ii) m onoester (5.8g, 84%, ECL 19.0 , 90%pure) and (iii) d ieste r 
(13. 6g). The m onoester was fu rth er purified by c ry sta llisa tion  from  petro l 
a t 0° to a level of 99% purity  (5. Og, 74%, m .p . 38-39°, lit^  38. 5°).
(xiv) Methyl heneicosanoate
a) Tetradecanoic acids (1.14g, 5 mmoles) and methyl hydrogen 
azela te  (5. Ig , 20 mmoles) w ere electro lysed  in methanol (30 ml) fo r 5. 5 h r  
(Apparatus 1). The total product when purified by column chrom atography 
gave (i) hydrocarbon (80 mg), (ii) m onoester (1.3g, 79%, ECL 21.0 , 94% 
pure) and (iii) d ieste r (3 .2g).
b) Tetradecanoic acid (9. 52g, 40 mmoles) and m ethyl hydrogen 
azelate  (32.73g, 160 mmoles) w ere  electrolysed in methanol (120 ml) fo r 
48 h r  (Apparatus 2). The total product when purified by column 
chrom atography gave (i) hydrocarbon (3. Og), (ii) m onoester (12. Og, 92%, 
ECL 21. 0, 94% pure) and (iii) d ie s te r (15.4g). The m onoester was 
c ry sta llised  in  petro l a t room  tem peratu re  and a purity  of 99% was obtained
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(10.2g, 78%, m .p . 75-75.5° as acid, 1 1 7 5 .2 ° ) .
(xv) Anodic syntheses involving oleic acid and X (CH ) CQQH2 n
X=C1, OH o r OAc,n=l o r 2 
Oleic acid (2. 8g, lOmmoles and W -chloro, hydroxy and acetoxy 
alkanoic acids (1:4 m olar ratio) w ere  each electro lysed in  methanol (30 ml) 
fo r 15-20 h r  (Apparatus 2). The reaction  products (diluted with w ater 
(5 ml) and extracted with petro l (3 x 30 ml) w ere purified by prep  TLC 
(petrol). Any po lar bands obtained w ere rechrom atographed (PE 30). 
D etails of the products a re  sum m arised  in Table 11 and its  footnotes.
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TABLE 11
PRODUCTS OF ANODIC SYNTHESES INVOLVING OLEIC ACID AND X(CHJ^  COOH
X = Cl, OH or OAc, n = 1 o r 2
X ACETIC ACID DERIVATIVES PROPIONIC ACID DERIVATIVES
Cl
(i)
(ii)
Alkenyl chloride (17:1)^
Unidentified polym eric 
m ate ria l
(i)
(ii)
Alkenyl chlorides (17:1 
and 19:1)^
alkenoi (17:1)C
(i) hydrocarbon (i) hydrocarbon
OH (ii) alkenols (17:1 and 
18:1)^
(ii) methyl alkenyl ether (17:1)®
■ (iii) alkenols (17:1 and 
1 9 :1 /
OAc
(i) hydrocarbon
(ii) alkenyl aceta tes (17:1 
and 18:1)S
(iii) alkenols (17:1 and
18:1)h
a.
b.
c.
d.
Possib ly  heptadec- c i s - 8-eny l chloride (20%, Eel 15.9)
) Heptadec- c i s - 8-enyl chloride (30%, Eel 15.8) and nonadec- c i s - 10-
enyl chloride (20% , Eel 17. 7), NMR signals a t : 0. 88 3H ,t,C H  CH -  ,E -i p  Lri 2j
(C H g )^  , 1 .96 -2 .00  U h , app.d,-CH gCH =CH ^ , 3.45
|2 H ,t , - C H g ( ^ a n d  5.26 ô  [lH ,m ,-CH=<3H^ .
Heptadec- c i s - 8-enol (20%, ECL 18. 5 ECLof TMS ether 15. 6), in frared  
-1band a t 3640 cm (O-H stretching)
Heptadec- c i s - 8-enol (11%,ECL 18.4) and octadec- c i s - 9-enol (3%,
ECL 19.4), ECLof TMS e th ers  15. 6 and 16. 8 , in frared  band at
3640 cm ^ (O-H stretching), NMR signals a t : 0 .88 3H, t,C H „C H „-| ,E '- j  p  L -.-! - d(CH J -  , 1 .96 -2 .00  2H, app.d,-CH„CH=CH- ,3 .5 3-2  n u  p L . -n -2  pj —I
|2 H ,t,C H  OH , 4 .6 8 -4 .7 2  lH ,b .s ,-O H  and 5 .27Ô 2H,m ,-CH=CH- .
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e. Methyl heptadec- c i s - 8-enyl e ther (12%, EC t,14.2) NMR signals at
0 .88 jsH .t.C H gC H g- 1.28 |7(CHg)^-^ , 1 .98 -2 .04  |4H, a p p .d ,-  
CHgCH=CH^ , 3 .2 3 ~ 3 H .S .-O C H ^  and 5.28 6  |2H ,m ,-C H = C H ^ .
f. Hep tad eo-c is - 8-enol and nonadec- c i s - 10?-enol (ECL 18. 5 and 20. 5 
respectively). NMR signals s im ila r to those detailed fo r product 
»d’.
g. Heptadec- c i s - 8-enyl ace ta te  (ECL-18.2; 18. 5 a fte r hydrolysis to the 
corresponding alcohol) and octadec- c i s - 9-enyl ace ta te  (ECL 19. o 
identical with an authentic sam ple).
h. H ep tadec -  ci s -  8-  enol (ECUS. 5) and octadec- c i s - 9-enol (ECLL9.5). 
NMR signals s im ila r to those reported  for product ’dL
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2 ,4 . P rep ara tio n  of nor-alcohols from  unsaturated  fatty acids
(i) Hep tad e c -c is -8-  enol
a) Oleic acid (1. Og) was electro lysed  in  methanol (30 ml) with 
sodium hydride (1 .2g) (Apparatus 2). The cu rren t s ta rted  at 0. 8 amp and 
fe ll ra th e r  quickly (1 hr) to 0 .2  amp. Hence a t the end of every hour the 
e lec tro lysis  was stopped fo r 0. 5 to 0. 75 h r  and then continued fo r a fu rth er 
hour. The total e lec tro ly sis  tim e was 4. 5 h r . Aliquots (1 ml) w ere taken 
hourly, esterified  (2% m ethanolic sulphuric acid) to check the amount of 
unreacted  oleic acid le ft in  the m ix ture  by analytical TLC (PE 10) and GLC 
(Eel 18. 5). Finally the reaction  m ixture was acidified (AcoH), methanol 
evaporated, w ater (10 ml) added and the total product (1.4g), ex tracted  with 
• a  petroleum  e th e r/e th e r  m ix ture  (PE 20), Wlien purified by prep  TLC (PE 30) 
i t  gave (i) hydrocarbon (273 m g, possibly a C17 compound on the basis  of its  
GLC behaviour (ii) methyl e ther (230 mg. Eel 14.1) (ii) hep tad ec- c i s - 8-  enol 
(302 mg, 34%, ECL 19 .4 ,*  TMS ether ECL 16.1*)
An authentic sam ple of octadec-c is-9 -eno l gave an ECLof 20.4* and 
its  TMS ether 17.1.
The hep tadec- c i s - 8- enol gave NMR signals a t 0. 88 ^ H ,  t, CH^CH^^ ,
1.27 -(CH g)^^ , 1 .96 -2 .01  |1 :H ,app.d ,-C H gC H =C I^ , 2 .71 [iH , s ,-O H j,
2 H ,t,C H g O ^  and 5. 27 Ô , J=6Hz |2H ,m ,-C H = C H ^ .
* Higher values of ECL than those reported  e a r lie r  because GLC 
column was replaced with a fresh ly  p repared  one.
3.51
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An IR spectrum  showed a strong O-H stretch ing  absorption a t
-1  -13642 cm and no evidence of a trans double bond in the region 975 cm .
von Rudloff oxidation of the unsaturated  alcohol gave (after e s té r ­
ification) methyl nonanoate and methyl 8-hydroxyoctanoate. T hese conclusions 
w ere  based on a com parison of GLC behaviour of the products of oxidation 
of oleyl alcohol viz methyl nonanoate and m ethyl 9-hydroxynonanoate.
b) The preparation  of hep tadec- ci s -  8-  enol was repeated  when 
oleic acid (1, Olg) was electro lysed with sodium hydroxide (1. 23g, dissolved 
in w ater 1 ml) in methanol (30 ml) fo r a total e lec tro lysis  tim e of 6. 5 h r.
The reaction  product (obtained from  the m ixture as reported  ea rlie r)  when 
este rified  (2%H 8 0 . ,  Me OH) and purified  by prep TLC (PE 30) gavea 4
. (i) hydrocarbon (230 mg, 25%), (ii) a  m ixture (341 mg) of a m ethyl ether 
thought to be methyl h ep tad ec -c is-8-enyl ether (7%, Eel 14.1) and methyl 
oleate (14%) and (iii) h ep tad ec -c is-8-enol (473 mg, 44%, Eel 19.3).
An IR spectrum  of the heptadec- c i s - 8-enol showed strong O-H 
absorption (3340 cm ^) and no evidence of a trans double bond. Its  NMR 
signals w ere  s im ila r to those reported  fo r the e a r lie r  p reparation  of the 
17:1 alcohol.
(ii) H ep tadeca-c is-8 , c is - l l-d ie n o l
Linoleic acid (543 mg) was electrolysed with sodium hydroxide 
(554 mg dissolved in  1 m l w ater) in  methanol (20-ml) (Apparatus 2) fo r a 
total e lectro lysis  tim e of 5.75 h r .  The total product (521 mg), obtained as 
in the experim ent with oleic acid, gave on purification by prep  TLC
(i) hydrocarbon (56 mg) (ii) a m ixture (243 mg) of a m ethyl e ther probably
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methyl heptadeca- c i s - 8 . c i s - ll-d ie n y l ether (EClJ-4. 5) and methyl linoleate 
and (iii) hep tadec a-  ci s -  8 ^  c i s - ll-d ie n o l (101 mg, 21%, Eel 2 0 ,0 ,ECL of 
TMS etlier 16.2).
The 17:2 alcohol gave NMR signals at 0. 90 |sH , t,C H ^C H ^^ ,
2H, t, -  
and
1.32 |^(CHg) j  , 2 .0 0 -2 .0 5  jéH, app. d , -C H ^C H C H ^ 2.72 
CH=CHCHgCR=CH^ , 3.51 [2H ,t,-C H ^O l^  , 3.60 jlH ,S ,-O H
5.28 Ô [4H ,m ,-CH =CH ^ .
An IR spectrum  showed no evidence of trans absorption.
(iii) H ep tadeca-c is-8- en -1 ,11-diol
Ricinoleic acid (1 .08g) was electrolysed with sodium hydroxide 
(1. Og dissolved in  w ater (1 nil) in methanol (30 ml) fo r a total e lec tro lysis  
tim e of 5 h r . The total product (1. Og extracted with e ther 4 x 20 ml) 
purified  by prep TLC (PE 1:1) gave (i) a monohydroxy compound (79 mg),
(ii) a monohydroxy monomeÜioxy compound (95 mg, possibly 1-m ethoxy- 
heptadec- c i s - 8- e n - l l - o l)  with NMR signals a t 0.90 ^ H , t ,  CH^CH^^ , 1.28
E ^ ^ -2 ^ i3  ' 2 .00 -2 .22  |m ,-CH gCH =CH ^ , 3.24 jsH ,S ,-O C H ^ , 3.48 
3.60 j^ .C H ^O C H g.and-C H O ^ and 5.42 ô  |lH ,m ,- C H = C ^  and
(iii) hep tadec -  c is - 8- en -1 .11-diol (109 m g, 17%, ECLof TMS ether 19.3) 
with NMR signals a t 0. 90 jsH .t.C H ^C H  j  , 1.34 ’ % '04-2.24
4H ,m ,-CH gCH=ClQ  , 3 .36  |lH ,m ,C H O ^  , 3.53 |% H ,t,C H gO ^ , 4 .10 
2 H ,b . s , - 0 ^  and 5.43 ô  [^H ,m ,-C H = C H ^ . ■
F or com parison m ethyl ric inoleate  was reduced to octadec- c i s - 9- 
en-1, 12-diol(ECL of TMS ether 20.4) which showed NMR signals a t 0 . 90 
[ â a . t .C H g C H j  , 1.32 , 2 .0 2 -2 .1 6  [ I n .in .-C H ^ C H O iy ,
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3.40 and 3. 58 |%H,m,CHgOH and -CH O I^ and 5.42 ô  |2 H ,m ,-C H -C H ^  .
In frared  sp ec tra  of the and C^g diols showed strong OH
-1absorption a t 3360 and no evidence of trans absorption a t 975 cm .
(iv) P roducts of the e lec tro lysis  of Y -linolenic and -linolenic 
acid in  alkaline medium 
Y -L inolenic acid ( l .I4 g , 4 .1  mmoles) and O t-linolenic acid (1 . 21g,
4 .4  m m oles) w ere each electro lysed  in  methanol (30 ml) with sodium 
hydroxide (1 .2g dissolved in  w ater, 1 ml) fo r 3 h r (Apparatus 2). The 
reaction  m ixtures w ere  m ade acidic (AcoH), methanol evaporated, esterified  
(2% HgSO^, MeOH) and extracted  ( l . l g  and 1. Og respectively) as reported  
fo r hep ta d e c -c is -8- enol.
Details concerning the products a re  sum m arised in  Table 12. .
TABLE 12
Products of e lec tro ly sis  of Y -linolenic and 
OC -linolenic acids in alkaline medium
N ature of 
product
hydrocarbons
m ethyl e thers
alcohols
from  18:3 ( 6 ,9 ,12)(1.14g) 
ECL (mg)
12. 5 (105 mg)
14.0 and 14. 5 (129 mg)
19.0, 20 .2 , 20.3 
(71. 6 mg)^
(TMS e thers  16 .6 , 18.3)
from  18:3 (9 ,1 2 ,15)(1.3g) 
ECL (mg)
12.0 and 12. 5 ( 85 mg)
14. 5 and 15. 0(185 mg)°
19.4, 21 .1 , 21.8 (100mg)‘
(TMS ether 13.7 , 15.0 
and 15. 8)
a -d . None of these m ix tures could be separated  by prep  TLC on s ilica  nor
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06 
3.30
silica  im pregnated with s ilv e r n itra te .
a) This mixed product gave NMR signals a t 0. 90
1 .05-1 .13  , 1 .2 8 -1 .4 6  |m ,-(C H g) j  , 1 .46-1 .63  , 2 .00-2 .
m,CHgCH=CH^ , 2.76 |I ,  -CH=CHCHgCH=CH^ , 3.16 |j,-O C H g   
j^C H gO C lQ  , and 5.30 ô  [m ,-C H =C H ^ .
b) The mixed product gave NhlR signals at 0. 90 jT, CHgCH j  ,
1 .06-1 .50  [m j , 2 .0 0 -2 .0 6  -CH^CH^CH^ , 2.78 ^,-CH=CHCHgCH= 
CH^ , 3 .2 2 -3 .2 8  j^ii^ , 3 .56  jT .-C H ^O ^ , 3 .6 2 |1 , ,  -O I^  and 5.30 Ô 
|m ,-C H = C H ^ .
c) This mixed product gave NMR signals a t 0. 95 |T, CHgCH j  , 
1.02 j ^ ,  1 .26 -1 .34  m ,-(CH g)^- 2 .00 -2 .06  |^ ,-C H gC H = C H ^ , 2.76
E-
d) This mixed product gave NMR signals s im ila r to Üiose reported
-CH=CHCHgCH-CHi j  , 3. 8 ,-OCHgj , 3.22 and 5.30 6  [n i,-C H
fo r ’b ’ with m ultiplets a t 3 .21 , 3 .34  and a singlet at 3. 5 8 6 -OH .
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3. CHAIN EXTENSION BY MALONATIQN 
G eneral procedure
M ethanesulphonates w ere p repared  from  methyl e s te rs  via the
13alcohols, following the p rocedures reported  on page 63 and 64 . C NMR 
data a re  sum m arised on page 54-55.
(i) E ic o s -c is - ll-e n o ic  acid
A suspension of sodium (850 mg, 37 m m oles) in dry  xylene (400 
ml) was p repared  in a three-necked flask  (250 ml) equipped wiüi a reflux 
condenser and calcium  chloride tube, s t i r r e r  and dropping funnel with 
nitrogen inlet tube. The contents of the flask  w ere s tir re d  vigorously for 
5 to 10 min at 115°C and then allowed to cool to room  tem peratu re  without 
fu rth er s tirrin g . Diethyl m alonate (3 .12g, 20 mmoles) was added at once 
and allowed to re a c t overnight when a white p recip ita te  of sodium diethyl 
m alonate form ed in a  c lea r co lourless so lu tion ..
This m ixture was heated to 110° and s tir re d  continuously during 
the slow addition of oc tadec-c is-9 -eny l m esylate  (5 .2g) in dry  xylene 
(30 ml) over one hour and fo r a  fu rth e r four hours. The reaction  m ixture 
was cooled, tran sfe rred  to a round bottom flask , and the solvent distilled  
off on a ro ta ry  evaporator.
The residue  was refluxed and s tir re d  with ethanolic potassium  
hydroxide (80 m l, 5% potassium  hydroxide in  80% aqueous ethanol) for 1 h r  
(at 80°C). At the sam e tem peratu re , sulphuric acid (IM, 60 ml) was added 
dropw ise to the solution (until acidic) and s tirrin g  continued fo r 30 min.
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M ost of the ethanol was carefully  d istilled  off under reduced p re s su re , w ater 
(150 ml) was added, and oc tadec-c is-9 -eny l malonic acid (4.9g) was 
extracted with e ther (3 x 100 m l). The com bined'ether phases w ere washed 
with w ater (until neutral) and dried . The solution was reduced to about 
15 m l, tran sfe rred  to a 250 m l two-necked flask  and the residual solvent 
evaporated in a s tream  of nitrogen.
The flask  containing die sam ple was connected to a  w ater pump while 
a gentle s tream  of n itrogen was allowed to pass through the v esse l. The 
flask  was placed in an oil bath preheated to 125°C and the tem perature  was 
ra ised  to 165°. Decarboxylation was observed by the effervescence, wliich 
ceased a fte r 1 .5  to 2 h r . The flask  was cooled and e ic o s -c is - ll-e n o ic  acid 
(3.9g, 84%ECLof e s te r  20 .6 , 99%pure by GLC was obtained. The higlily 
coloured acid (3. 9g) purified by passage through a column of so rb sil (150g) 
topped witli a  m ixture of so rb sil (25g) and charcoal (5g) gave colourless 
^20 5g, 75% eluted with 2 1 of P E  5).
The 20:1 metliyl e s te r  gave an NMR spectrum  s im ila r to that 
already reported  (page 74). AnIR spectrum  did not exhibit any absorption 
in the trans region, von Rudloff oxidation gave nonanoic and undecanedioic 
acids.
(ii) E ico sa-c is-1 1 , c is-14-dienoic acid
Oc tadec a - c is - 9, c is-12-d ienyl m esylate (25. 5g) subjected to 
malonation as described gave e ico sa -c is-1 1 , c is -1 4 -d ie n e -l, 1-dioic acid 
(31. 5g) which was decarboxylated to e ic o s a - l l ,  14-dienoic acid (20. Ig , 88% , 
ECLof e s te r  21 .1 , 95% pure  by GLC.
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The highly coloured product (20, Ig) purified by passage through 
a column of sorbsil (40Og) topped with a m ixture of so rbsil (50g) and 
charcoal (lOg) gave octadecadienyl chloride (1.4g eluted with 11 of petrol) 
and colourless acid (18. Og, 79% eluted with 4 1 of PE  5, 98% pure by 
GLC). It was fu rth er purified  to the 99% level (15.2g, 66%) by c ry sta llisa tion  
from  petro l (150 m l), at -78°C . The NMR spectrum  of its  methyl e s te r  was 
s im ila r to that already reported  and the IR spectrum  showed complete 
absence of trans isom er.
(iii) D ocosa-cis-13 , cis-16-dienoic acid
E icosa-cis-11 , c is-14-dienyl m esylate  (11. 6g) was subm itted to 
m alonation. The diacid (13. 5g) f i r s t  obtained was decarboxylated to give 
docosa-cis-13 , cis-16-dienoic acid (8 . 6g, 83% 90% pure  ECLof methyl 
e s te r  23.1) which was fu rth e r purified  by column chrom atography (200g 
so rbsil topped with so rb sil (50g) and charcoal (lOg) as detailed fo r the 20:2 
acid). Docosadienyl chloride (0. 9g) was eluted f ir s t  followed by the 22:2 
acid (5 .2g, 49% 97% pure as methyl e s te r) . The acid was converted to its  
methyl e s te r  (5.4g) and was fu rth er purified by low tem peratu re  c y rs ta llisa -  
tion (-78°C from  petro l 30 ml) when a p recip ita te  (4. 3g, 41. 0%, 99% pure) 
of methyl docosa-cis-13 , c is-16-dienoate  was obtained.
An IR spectrum  of the e s te r  did not show any evidence of trans 
absorption at 975 cm ^ and gave NMR signals s im ila r to those reported  
e a r lie r  fo r methyl e ico sa -c is-1 1 , cis-14-dienoate (page 75 ).
(iv) E ic o sa -c is -8 , c is-11 , c is-14-trieno ic  acid
O ctadeca-c is-6 , c is-9 , c is-1 2 -trien y l m esylate  (23. 5g) subjected to
93
m alonation as described e a r lie r  gave the diacid (34. 2g) which on decarboxyl­
ation gave e ic o sa -c is -8 , c is-1 1 , c is-14 -trieno ic  acid (18. Og, 86%, ECL 
of e s te r  22.2, 97. 6% pure). The highly coloured acid was fu rth er purified 
as its  methyl e s te r  by column chrom atography (sorbsil and charcoal) to 
give colourless 20:3 e s te r  (16g, 72 %, 99% pure).
An IR spectrum  did not show any evidence of a  trans double bond. 
The NMR signals w ere s im ila r to those reported  e a r lie r  (page 77 ).
(v) E icosa-c is-11 , c is-14 , c is-17 -trieno ic  acid 
O ctadeca-cis-9 , c is-1 2 , c is-1 5 -trien y l m esylate  (5. 7g) was 
m alonated as before. On decarboxylation the diacid (12.3g) gave e ic o s a - l l ,  
14, 17-trienoic acid (4.9g, 96%, ECL of e s te r  20. 7, 94% pure). The acid 
. as its  methyl e s te r  was fu rth e r purified by column chrom atography 
(sorbsil and charcoal) when eicosatrieny l chloride(0. 4g) and methyl e icosa- 
l l ,  14, 17-trienoate (4. Og, 75%, 99%pure) w ere obtained.
An IR spectrum  of the e s te r  did not reveal any trans absorption.
The NMR signals w ere s im ila r to those of methyl oc tadec-c is-9 , 12, 15- 
trienoate as follows : 0.97 |sH ,t,CH gCH  j  , 1.32 Q(CHg) j  , 2 .00 -
2.05 j4H, app.d. ,-CH=CHCHg^ , 2.22 ^H ,t,-C H gC O O C H ^ , 2.76 
|% H ,t,=C H C H gCl^ , 3 .58 [^H ,s,-C O O C H ^ and 5.31 Ô 6H ,m ,-C H = C ^  ,
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4. Chain-extension by enainine synthesis 
General procedures 
1-M orpholino- 1-cyclopentene
A solution of cyclopentanone (128g, 1. 5 m oles), m orpholine 
(158g, 1 .8  moles*) and p-toluenesulphonlc acid (1.7g) in toluene (300 ml) 
was heated to boiling in a 11  flask, to which a w ater sep ara to r under a 
reflux condenser was attached. The separation  of w ater began a t once and 
ceased a fte r five to six hours. The excess toluene was d istilled  off at 
atm ospheric p re ssu re  using an indented d a is  sen stillhead. 1-M orpholino-
1 -cyclop en tene was then d istilled  under reduced p re s su re  (115g, b .p . 7 0°/
57 o , **1 .2  mm , l i t  b .p . 105-106 /14  mm) as a colourless liquid .
1-M orpholino-1- cyclohexene
A solution of cyclohexanone (150 g, 1 . 51 m oles), m orphoiine (157g,
1. 80 moles) and p-toluenesulphoric acid (1. 5g) in toluene (300 ml) w ere
reacted  as detailed é a r ilie r  to give co lourless 1-m orpholino- 1-cyclohexene
o , 62(145g, b .p . 90-92 /1 .8  mm , l it  ).
* An excess of m orphoiine is  requ ired , because the w ater that is rem oved 
during the reaction  always contains a considerable amount of the base .
** 1-M orpholino-l-cyclopentene is  very  easily  hydrolysed. Accordingly 
ca re  was taken to keep m oistu re  out. On long standing in a re fr ig e ra to r, 
the compound generally  becom es yellow in colour but this does not 
affect its  usefulness in subsequent reactions.
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Tetoadecaiioyl chloride
Tetradecanoic acid (99% pure  as methyl e s te r , 65g, 0.3 moles) 
was refluxed with red istilled  thionyl chloride (78g, 0. 6 moles) for 30 min.
The reaction  m ixture was d istilled  under reduced p re ssu re  when 
tetradecanoyl chloride (56g, 77%, b .p . 125-128°/!.7  m m , lit  174°/10 mm) 
was obtained.
Hexadecanoyl chloride
Hexadecanoic acid (99% pure as its  methyl e s te r , 70g, 0.27 moles) 
was converted to its acid chloride (50g, 67%, b .p . 140°/0. 8 m m , l i t  
b .p . i45°/18  mm) by reaction  with thionyl chloride (78g, 0 . 6 m oles) as 
already described.
(i) Eicosanoic acid
2-T etradec anoylcyclohexanone
Tetradecanoyl chloride (53g, 0.21 moles) in dry chloroform  
(140 ml) was added over ninety m inutes to a s tir re d  solution of 1-m orpholino-
1 -cyclohexene (55g) and red is tilled  triethylam ine (40 ml) in dry  chloroform  
(200 ml) m aintained at 35°. The reaction  m ixture was s tir re d  fo r a 
fu rth er 2 h r . Next day concentrated hydrochloric acid (46 ml) in w ater 
(23 ml) was added and the m ix ture  refluxed for 5 h r . The m ixture (2 
layers) was tran sfe rred  to a separating  funnel, the chloroform  lay er was 
drawn off and se t aside. The aqueous lay er was extracted with chloroform  
(2 X 70 ml) which was then combined with the chloroform  lay er obtained 
e a r lie r . The pooled ex tracts w ere concentrated to give crude 2 - te tra -  
decanoylcyclohexanone (57g).
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6-oxo-eicosanoic acid
The diketone (57g), sodium hydroxide (lOg) and w ater (100 ml) 
w ere  refluxed for 4 h r . The m ixture was poured into ice  and acidified 
(conc. Hcl), extracted with e ther (4 x 100 ml) to give crude 6-oxoeicosanoic 
acid (48g). A sam ple (2. Og) of this acid was converted to its  methyl e s te r  
and purified by prep . TLC to give Methyl 6-oxo-eicosanoate (95% pure  by 
GLC).
Eicosanoic acid
The crude 6-oxo-eicosanoic acid (43g) was refluxed with ethano- 
lam ine (225 m l), hydrazine hydrate (99-100%, 20g) and potassium  hydroxide 
(8g) fo r 1 h r  a t 150°. The reflux condenser was then replaced by a d a is  en 
stillhead, potassium  hydroxide (40g) and ethanolamine (225 ml) w ere added 
and the m ixture was d istilled  until the contents of the flask attained a 
tem perature of 175°. A je t of nitrogen was d irected  towards the contents 
to b reak  up the foam which form ed. The condenser was then replaced and 
the m ixture was refluxed again fo r 1 h r . The product was poured into ice, 
acidified (conc. Hcl) and extracted with chloroform  (4 x 100 ml) to give 
crude eicosanoic acid (44g, 47%, 85%pure as methyl e s te r) . It contained 
15% of unreacted tetradecanoic acid as im purity. Hence it was c rysta llised  
from  ethanol (5 vol) at 0° to give two crops of c ry s ta ls . The s till brown 
acid, rec ry sta llised  from  ethanol (5 vol) in the p resence  of charcoal (/v lg) 
gave pure eicosanoic acid (36g, 37% m .p . 46-47°, as e s te r , l i t  46.4°)
99% pure as methyl e s te r  by GLC).
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HENEICOSANQIC ACID
2-Hexadecanoylcyclopentanone
Hexadecanoyl chloride (65g, 0.24 m oles)'in  dry chloroform  (250 ml) 
was reacted  with 1-m orpholino-1-cyclopentene (55g, 0.36 m oles) and 
triethylam ine (55 ml) in  dry  chloroform  (300 ml) as already described , to 
give the crude diketone (60g),
6- Oxoheneicosanoic acid
The crude diketone (60g) was hydrolysed with sodium hydroxide 
(15g) and w ater (250 ml) fo r 4 h r  a t 150° to give crude 6-oxo-heneicosanoic 
acid (55g).
Heneicosanoic acid
The crude oxo-heneicosanoic acid (55g) was refluxed for 1 h r  with 
hydrazine hydrate (99-100%, 30 ml) and potassium  hydroxide (lOg) in 
diethylene glycol* (150 m l). The reflux condenser was rem oved and m ore 
potassium  hydroxide (40g) and di ethylene glycol (150 ml) w ere added and the 
m ixture p rocessed  in the sam e m anner as described e a r lie r , to give crude 
heneicosanoic acid (48g, 56% containing 8%unreacted hexadecanoic acid as 
im purity). The acid was c rysta llised  from  ethanol (5 vol a t 0°) to give pure 
heneicosanoic acid (40g, 44% 99% pure  as methyl e s te r  by GLC, ECL 21. 0, 
m .p . 75-75 .5°, lit^ 75.2°)
diethylene glycol can be sa tisfac to rily  used instead of ethanolamine 
58(Elix and Sargent ).
P A R T  I I
THE PREPARATION OF SOME LONG 
CHAIN HYDROPEROXIDES AND 
t -  BUTYL PEROXIDES
I N T R O D U C T I O N
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1. INTRODUCTION
Organic peroxides a re  derivatives of hydrogen peroxide in which one 
o r both hydrogen atom s a re  replaced by alkyl o r acyl groups :
ROOH alkyl peroxide . hydroperoxide
ROOR^ dialkyl peroxide
R^-OOH acyl peroxide peroxy acid
R&OOCOR^ diacyl peroxide
Perox ides a re  of considerable in te re s t to lipid chem ists since 
rancidity  of fatty foods and oxidative polym erisation of oil -  based paints 
re su lt from  initial form ation of hydroperoxides. T here  is som e evidence 
that lipid peroxides may partic ipa te  in radiobiological damage^^, in cancer^^, 
and in ageing p rocesses^^ . P erox ides a re  known to be in term ediates in the 
biological conversion of polyene acids to prostaglandins .
We have examined a num ber of procedures for p reparing  hydro­
peroxides and peroxides to see  if they could be usefully applied to the 
synthesis of long-chain compounds and we rep o rt h e re  our lim ited success 
in this field. The m ore  im portant synthetic procedures a re  f i r s t  reviewed.
Synthetic P rocedu res :
A (i) Autoxidation ;
Lipid chem ists a re  mainly in terested  in the autoxidation (ie, the 
spontaneous reaction  between atm ospheric oxygen and organic compound) 
of unsaturated fatty acids and tlieir derivatives which is believed to occur 
by a rad ical chain m echanism  thus : (RH is  an alkene with H in an allylic 
position).
99
Initiation :
P ropagation
production of H- o r RO^' rad icals.
R- + O,
RO ' +RH- ^ROgH + R*
R* + R* ->
Term ination ROg" + R*
RO^. + ROg.
■»
T
non -  initiating
and non -  propagating
products.
With an e s te r  such as methyl oleate there a re  two allylic groups 
which a re  subject to attack and since the rad icals  a re  resonance stabilised  
the product is a  complex m ixture of isom eric  hydroperoxides in which the 
hydroperoxy group may be attached to C(8), C(9), C(10), o r C (11) and the 
double bond m ay have cis o r trans configuration (see overleaf).
Methyl linoleate follows a s im ila r course  in which the m ajo r products 
a re  m ethyl 9-hydroperoxyoctadeca -10, 12 -  dienoate and 13 -  hydroperoxy- 
octadeca 9, 11 -  dienoate in various stereo isom èric  fo rm s.
C learly this is  not a satisfac to ry  procedure fo r the p reparation  of 
individual hydroperoxides.
ii) Photosensitized oxidation of olefins.
A useful synthesis of allylic hydroperoxides is  the reaction  of alkenes
with oxygen in the p resence  of light and photosensitizers such as ro se  bengal,
67chlorophyll o r hem atoporphyrin . .
Unlike free  -  rad ical autoxidation, the reaction  invariably proceeds 
with m igration of the double bond and is a nonchain p rocess  ;
O,
MeCH=CHMe P 2
H
TT-;---------->Me-CHCH=CH^h y  sens 2
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In a study of the m onohydroperoxides of oleate and linoleate Hall 
and Roberts rep o rt that the m onohydroperoxides obtained by chlorophyll -  
catalysed oxidation of m ethyl oleate (1) have the hydroperoxide group in an 
(X position to a trans double bond. W hilst atm ospheric oxidation of methyl 
linoleate gives only conjugated diene hydroperoxides chlorophyll-catalysed 
oxidation gives conjugated dienes (2) and (3) along with products having 
isolated double bends. T here  is  no evidence fo r àny product with a  single 
carbon atom between two double bonds.
(jiOH
H C H - C H -  -C H „ H H. H\  /  ' X /  \  /c = c  c = c  b = c
/  \  , /  \  /  \-C H ^ H ' H C H -C H .2 I 2
OOH
(1) (2)
H H
H \ ; = c ' ^\  /  \^ G = C  C H ^-
-C H „-C HIOOH (3)
69Rawls and Santen have proposed a m echanism  fo r the initiation 
of autoxidation of fatty acids involving singlet s ta te  oxygen, form ed through 
a photosensitization reaction , as the reactive  in term ediate. They s ta te  that 
nonconjugated hydroperoxides could not be detected among the fre e  rad ical
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autoxidation products but w ere found in pliotoxidatlon products, as reported  
68by Hall and R oberts .
B. Enzymic oxidation
In natural system s oxidation is  catalysed by lipoxygenases which
appear to re a c t specifically  with polyenoic acids. Depending on the source
of the enzyme and on its  p reparation  Linoleic acid may give m ainly the
13- hydroperoxy (9c l i t )  o r  the 9- hydroperoxy (lOt 12c) diene acid or
m ixtures of these. The specificity  of this p rocess is  fu rth er shown in the
observation that the products a re  optically active. O ther polyene acids
may also be oxidised. T here  is a  considerable in te re s t in  the secondary
70reaction  of these enzymic oxidations but these do not concern us he re .
^CH = CHCHgCH = CH- 
linoleic acid
k  Ir c ^
-  CH(OOH)CH = CHCH = C H - -  CH = CHCH = CHCH(OOH) -
13 -  hydroperoxy 18: 2 9 -  hydroperoxy 18:2
71Although these hydroperoxides can be purified by chrom atography 
only sm all amounts of m ate ria l can be usefully prepared  in this way.
C. Oxidation of organom etallic compounds 
.Organom etallic compounds autoxidise to peroxide in term edia tes.
72W alling and Buckler p repared  hydroperoxides by oxidation of G rignard 
derivatives at - 7 0 in e ther solutions.
Hcl
RMgBr + ROOMgBr-------------^ O O H  + MgClBr
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At higher tem peratu res the G rignard reagent reduces the in te r-  |
m ediate organom etallic peroxide to an alcoholate. Since cadmium and zinc 1
ialkyls undergo this la tte r  reaction  le s s  readily  and a re  le ss  reactive  to |icarbon dioxide and w ater they appear to be m ore suitable fo r oxidation to !
hydroperoxides. Autoxidation of the cadmium alkyls has since been used to ;
73 !p rep a re  hydroperoxides up to octyl hydroperoxide in 90% yields . i
HgO IRMgX--------- ^RO O M gX---------- ^RO O H  + MgX
low temp. HX !
j
R C d---------- >R C dO O R ---------- ^C d(O O R ).----------^2ROOH + CdO j
74 JBrown and Midland have described a method of p reparing  |
hydroperoxides from  trialkylboranes which is  sum m arised by the sequence : j
° 2  H O  ■ i■ alkene B -----------^  (EOO) B E ----- -— >• 2ROOH + ROH |
i
I t  is  apparent that a t m ost two th irds of the alkene furnishes 
hydroperoxide and one th ird  yields alcohol. With this proviso good yields j
a re  possib le . i
75 !H. R. Schuler in h is  study of all^ylboranes from  m ethyl o leate i
employed this reaction  to p rep a re  a  m ixture of m ethyl 9 and 10 hydro-
peroxysteara te . This satu rated  hydroperoxide had not previously been
reported . i
D, Alkylation of hydrogen peroxide and of hydroperoxides |
Hydrogen peroxide (and alkyl hydroperoxides) can be alkylated by a ;
range of alkylating agents in alkaline o r acidic solution. Under the fo rm er ;
«  Icondition the reactiv ity  of the peroxide is enhanced by ionisation w hilst in :
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76the la tte r  ionisation of the a ll^ la tin g  agent is  prom oted. Typical reactions 
a re  illu stra ted  in the following equations :
(i) U se of alkyl m ethanesulphonates (m esylates).
H O ÿ = H O O  R -O S O g M e — ^ROOH + MeOSO^
(iH. 1 ^R O O H ^ R O O  R -  0 8 0  M e—^RO O R + MeOSO^^  2 2
OH ROMS OH
H„02 2T HOO ■>ROOH^±: ROO
ROMS
 >ROOR
OH Sk
2 ' ' ^ ----H O HOO ROSO-OR— »ROOH + R 0 S 0„0
Reactions with metlianesulphonates and with sulphates a re  re s tr ic te d
by the low solubility of the organic reactan ts in aqueous m ethanol and by the
pro trac ted  reaction  tim e during which the hydroperoxide (peroxide) decom poses.
The method has been used to p rep a re  p rim ary  hydroperoxides up to C and18
secondary hydroperoxides up to C though in many cases the yields a reo •
disapprovingly low.
(ii) Alkyl halides a re  not sufficiently reactive fo r in teraction  with 
peroxide unless allylic o r benzylic ;
OH'
RBr + H O2 2 ' ROOH + B r + HgO
(iii) Reaction in acidic m edia proceeds via carbonium ions and is 
therefore  m ore suitable fo r te r tia ry  than fo r p rim ary  o r secondary 
hydroperoxides,
R C -  Pv Lewis aoid ^
HgSO
RgC -  OH  —  --------^
+ HgO
R g C  rROOH + H
D I S C U S S I O N
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3. D iscussion
The m ost widely used route to hydroperoxides of long-chain acids is
by reaction  of the unsaturated  acids with oxygen, alone, in the p resence  of
catalyst, o r under the influrence of a lipoxygenase. Since many of these
procedures give m ixtures of products it  would be useful to have a general
chem ical method of p reparing  hydroperoxides specifically  and in high yield.
A num ber of procedures have been described (see Introduction) but these have
seldom  been applied to long-chain compounds. We rep o rt h e re  our attem pt to
p rep are  a  num ber of hydroperoxides and t -  butyl peroxides by allcylation of
hydrogen peroxide and of hydroperoxides.
77Wawonek, K lim stra  , and Kallio , developing the e a r lie r  studies of 
78
M osher et al , p repared  a s e r ie s  of p rim ary  hydroperoxides by in teraction  
of hydrogen peroxide (30%) with the appropriate  m esylate  in alkaline solution. 
The reaction  was conducted in  methanol a t room  tem peratu re  fo r 60-100 h r  
and typical yields fo r the conversion of a p rim ary  m esylate  (RCH^OMs)
ROH------------>^ROSO_CH— -2 2 Î^ R 0 0 H
to the hydroperoxide (RCH^OOH) w ere dodecyl 56%, tetradecyl 42%,
hexadeoyl 31% and octadecyl 9%. L ess satisfac to ry  yields w ere  reported
with secondary alcohol derivatives eg. 2-  butyl 20%, 2-  hexyl 26% and 2-
79
octyl 11%. A fter we had finished our experim ents Radomsky and Gibian 
em phasised the im portance of controlling the pH of the reaction . They 
examined the reaction  between a typical sulphonate e s te r , n -  butyl 
m ethanesulphonate, and hydrogen peroxide in neutral and basic  aqueous
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solutions. Hydrogen peroxide itse lf  (0. 64M) had no effect on the e s te r  ; n -
butyl alcohol, the sole product below pH 10, was form ed a t the sam e ra te
as in  the absence of peroxide. Above pH 11 n -  butyl hydroperoxide is form ed
quite rapidly a s  the sole product, a ris in g  from  attack by HO^ . The reaction
proceeds solely by allcyl -  oxygen, and not sulphur -  oxygen sc ission . An
attem pt to observe 8 - 0  sc iss ion  was made by examining neopentyl
m ethanesulphonate in 40% t -  butyl alcohol a t a nominal pH of 12. 5 with
about 0. 3M hydrogen peroxide. N either loss of e s te r  nor form ation of
product was observed in  21 days.
We tried  to change the reaction  solvent recom m ended by Wawzonek,
77Klims t r  a and Kallio without success. Methanol and ethanol gave sa tisfac to ry
re su lts  : ace ton itrile , dim ethylform am ide, dimethylsulphoxide,
hexam ethylphosphoram ide, p ropan-2-o l and ethane-1 ,2-d io l did not. As a
p re lim inary  to conducting the reaction  at a higher tem perature  we examined
the stability  of hydrogen peroxide (50%) in hot methanol and ethanol. We found 
• - '
that a m ixture of hydrogen peroxide (50% 0. 6m l), potassium  hydroxide 
(112mg) and ethanol 10ml had a half-life  of 5 h r  a t ^ 3 5 ^ C . A s im ila r 
m ixture in methanol had a half-life  of severa l days a t <^35^ and of 100 m in 
at reflux tem perature. In an attem pt to get a b e tte r yield in sh o rte r  tim e we 
ca rried  out the reaction  in boiling methanol for 3 h r  with additional hydrogen 
peroxide being added a fte r 1 h r  and a fte r 2 h r. Under these conditions 
dodecanol, s teary l alcohol, oleyl alcohol and linoleyl alcohol w ere  converted 
into the ir corresponding hydroperoxides in 4 0 -  83% y ields. The two 
unsaturated hydroperoxides have not been p repared  before.
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Stearyl, oleyl and linoleyl t -  butyl peroxides w ere also p repared  
fo r the f i r s t  tim e, in  25-40%  yield, in a s im ila r m anner replacing the 
hydrogen peroxide by t-b u ty l hydroperoxide. The reaction  was continued 
for 6 h r without adding m ore hydroperoxide.
We m ade an attem pt to p rep a re  methyl octadec-12-hydroperoxy-lO t- 
enoate v ia  the m esylate , but did not succeed. We believe the product was 
alm ost en tire ly  m ethyl octadec-12-m ethoxy-lO t-enoate.
Although alkaline solutions of hydrogen peroxide do not re a c t in any 
useful way with alt^yl halides they do re a c t witli the m ore  reac tiv e  allyl halides 
which can be p repared  from  alkenes by allylic brom ination with N -brom o- 
succinim ide. We have exploited this reaction  in the conversion of cyclohexene 
to 3-hydroperoxy-cyclohexene (46%), 3 - t-butylperoxy-cyclohexene (51%) and 
tr id e c -l-e n e  to 1 - t-bu ty lperoxytridec-2 -ene (57%). We believe that the reaction  
occurred  with double bond m igration on the basis  of the NMR spectrum  of the 
hydroperoxide.
RCH„CH = CH  ^R C H  = CHCH OOBu^
 ^  ^ Bu'^ OOH
In p a rticu la r we observed signals a t 2. 0 -  2, 06 |%H, app. d, 
- C H g C H ^ C H ^  and 4.23 Ô |%H, app. d, -  CH^OOBu^ and none re la ted  to 
|r GH (QOBuS CH = C lQ
We failed to produce any hydroperoxytridec-2- ene in a s im ila r 
reaction  with hydrogen peroxide.
The brom ide ion elim inated in this reaction can be oxidised, by 
hydrogen peroxide o r  t -  butyl hydroperoxide, to brom ine which may then add
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to the olefinic reactan ts and products. This difficulty is  reduced by carry ing
out the reaction  in the p resence  of excess alkene to take up the brom ine o r,
b e tte r, in the presence  of a base  when the oxidation step is  considerably
reduced or elim inated.
Our re su lts  sum m arised  in  Table 1 show the yields of hydroperoxides
and peroxides. Many of these compounds a re  new. For those that have been
prepared  before our yields com pare favourably with e a r lie r  preparations
(eg. dodecyl hydroperoxide 56%, octadecyl hydroperoxide 9%). The yield of
diene hydroperoxide is somewhat low er than the o thers and the yield of C.18
t-b u ty l peroxides low er than those of the corresponding hydroperoxides.
The m ajo r im purities a re  the corresponding alcohol and m ethyl e ther resu lting ,
no doubt, from  com petitive in teraction  of the m esylate with ÔH and OMe.
Although a g rea t deal of work has been ca rried  out on autoxidation
76studies, hydroperoxides and peroxides , there  is  little  o r no mention of 
gas liquid chrom atographic analysis of long-chain hydroperoxides and 
peroxides. We found that the hydroperoxides and peroxides w ere generally 
unstable under our conditions of gas liquid chrom atography (20% DEGS,
170^0, with a flow ra te  of 60 m l p e r  min) and gave two peaks correspond­
ing to the appropriate  alcohol and aldehyde (or ketone) which a re  however 
not form ed in equim olar am ounts. Cyclohex-2- enyl hydroperoxide, for
RCHgOOH ^RCHgOH and RCHO
example gave two peaks corresponding to cyclohexenol (»^23%) and cyclo- 
hexenone (^77% ).
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,OOH OH
a n d
TABLE 1
P e r  cent yields of alkyl hydroperoxides 
and t~ bu ty l peroxides with by products
HYDROP EROXIDES t-B U TY L PEROXIDES
ROOH ROMe ROH ROOBu^ ROMe ROH
PRIMARY
Dodecyl 61 > 4 9
Octadecyl 64 3 5 40 45' 8
Octadecenyl 83 7 10 26 28 26
Octadecadienyl 40 4 28 27 21 16
SECONDARY
Cyclohexenyl 46 51
Tridecenyl 57
N uclear magnetic resonance spectrom etry  was useful in confirm ing
the s tru c tu re  of the peroxides. In addition to the expected signals fo r CH“ 3
( 0 .8 8 6 , t ) ,  P ( C H g ) - l  (1 .2 6 6 ) ,
[^CH = CHCH^CH = CHJ (2.7 6 ,  t) andPcH = CH-
useful signals w ere observed fo r the following :
(1. 95 -  '2. 0 ap p .d .) ,
(5.26 Ô , m) diagnostically
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ô  V alues
hydroperoxide -CH^OOH 3 .92(t) OOH 8. 54, 8.14 8 . 04 (s)
alcohol -  CH.OH 3. 50(t) OH 2. 55 (s)
m ethyl e ther -  CH OC^H„ 3. 26(t) OCH^ 3.22 (s)— O 3
E X P E R I M E N T A L
I l l
4. Experim ental. (See also page$58 and 64)
A. G eneral procedures.
Thin lay er chrom atographic identification of hydroperoxides
and perox ides.
Hydroperoxides and peroxides w ere  identified on thin lay er p lates 
as red-brow n spots a fte r spraying with a  reagent p repared  in tlie following 
m anner ; fe rro u s  sulphate (4g) and ammonium thiocyanate (4g) w ere 
dissolved in  hydrochloric acid (IM, 70 m l). The spray  reagen t was 
decolourised p r io r  to u se  by washing with p en tan -l-o l. The hydroperoxide 
and peroxide spots m ust be m arked quickly as they tend to fade.
Reduction of e s te rs  to alcohols.
The e s te r  (5g) in dry  e ther (50 ml) was added dropw ise to a s tir re d  
suspension of lithium  almninium hydride (Ig) in  dry  e ther (7 5 ml) contained 
in a three-necked flask  (1 1). A fter s tir r in g  fo r a fu rther 30 m in the excess 
of hydride was carefully  destroyed with wet e ther (50 ml) followed by w ater 
(50 ml). A fter addition of sulphuric acid (2M, 100 ml) the product was 
extracted  witli e ther (3 x 50).
P u rd ie  m éthylation.
Hydroxy compounds w ere converted to m ethyl e thers  by refluxing 
fo r 6 h r  with m ethyl iodide and fresh ly  p repared  s ilv e r oxide (equimolar 
amount based on hydroxy compound). The reaction  m ix ture  was filte red  
a fte r dilution with e ther and purified  by p reparative  TL C .
112
Allylic brom ination with 
N -  Brom osuccinim ide 
N -brom osuccin im ide (18. Og, 0 .1  mol), carbon tetracM oride (75 m l), 
cyclohexene (12. 6g, 0.15 mol), benzoyl peroxide (as cata lyst 0. 25g) w ere 
added in that o rd er to the reaction  flask  (fitted with a nitrogen inlet). The 
m ixture was refluxed fo r 2 h r , cooled in an ice-bath  and the succinim ide 
filtered  and washed with carbon te trach loride  (15 m l). Carbon te trach loride  
was rem oved from  the fil tra te  and washings under reduced p re s su re  (water 
pump) and the residue  d istilled  through a modified d a is  en head with a 4” 
V igreux column to give 3-brom ocyclohexene |^ .  7g, 65%, b .p . 58-6(^13 m m .
8(T1(Lit. 61. 9°C /11 mm ^  and 3 ,6-dibrom ocyclohexene (1. Og).
B. P rim a ry  alkyl hydroperoxides
(i) Dodecyl hydroperoxide.
A solution of dodecanol (1. Og, 5 .4  mmoles^ p repared  by reduction 
of pure  (99%) methyl dodecanoate) in dry  pyridine (8 ml) contained in  a th ree ­
necked flask  equipped with m echanical s t i r r e r  and dropping funnel was 
chilled in an ice-bath  during the slow addition of methanesulphonylcliloride 
(1. 5g, 13 m m oles) over 15 min. A fter s tir r in g  fo r a fu rth e r 2 h r  a t room  
tem peratu re , ice and hydrocliloric acid (2M, 50 ml) w ere  added slowly and 
the m esylate  (1. 2g, 90%) was recovered  from  an e ther ex trac t (3 x 50 ml) 
which had been washed with sulphuric acid (IM, until acidic), w ater (50 m l), 
potassium  carbonate (1% aqueous, until neu tra l or basic) and w ater (50 ml).
An IR spectrum  showed bands at 1125, 1290 and 1315^^” ^ 
associated,w ith 8=0 stre tch ing  and the NMR spectrum  showed signals a t 0. 88
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j^H ,t.Ç H gC H ^j , 1.26 pC H g) j  . 2 .88  jsH .s.-S O ^C H ^ and 
4 .12  6  I^H.t.-CHgOSO^CH^ .
Dodecyl m esylate  (266 mg, 1 .0  mmole), hydrogen peroxide (50% 
aqueous solution, 0 . 6 m l, 10 m m oles), potassium  hydroxide (112 mg,
2 mmoles) and methanol (10 ml) w ere refluxed for 3 h r with additions of 
fu rth er peroxide (0 , 6 ml) a fte r the f i r s t  hour and again afte r the second hour. 
The product was extracted  with benzene (4 x 10 ml) a fte r addition of w ater 
and hydrochloric acid (IM, until acidic) and purified by prep TLC (PE 5 o r 
PE  10) to give som e m ethyl e ther (8 mg, 4%, ECL 8 . 9), the hydroperoxide 
(124 mg, 61%) and dodecanol (16 mg, 9%, ECL 13. 5). The alcohol and its  
methyl ether w ere identified by com parison (TLC and GLC) witli authentic 
sam ples.
Dodecyl hydroperoxide gave two peaks on GLC (170°) of ECL 11.4 
and 13. 5 identical with the ECL of dodecanal and dodecanol respectively .
The hydroperoxide gave NMR signals a t 0. 88 |^H, t,CH gCH g^ ,
1.26 l^(CH g)^^ , 3 .92, J=6Hz j^H, t,-C H ^O O ^ , and 8. 54'^5
[7h , s , - 0 0 ^  .
(ii) Octadecyl hydroperoxide.
Octadecanol (l.OSg) was converted via its  m esylate  into hydroperoxide
as described fo r the C^^ compound. The reaction product was separated  by
TLC (PE 10) to give the m ethyl etlier (6 mg, 3%, ECL 14. 8), the hydroperoxide
77(144 m g, 64%, m .p . 49°, l i t  49-50° , ECL 17.3 and 19.5) and the
alcohol (11 mg, 5%, ECL 19.5).
The m esylate  gave NMR signals at 0. 88 |^H, t,C H gC H g^ , 1. 26
, 2.88 Q H ,8 ,-0 8 0 g C H ^  and 4.12 5  , J=6Hz | m , t , - C H ^
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OSO^CH^ and the hydroperoxide gave signals a t 0.88  j^H, t, ,
1.26 j  , 3.92, J  = 6Hz |7 h ,  t, - CH^ OOI^  and 8 . 146  [m , b . s .
-OOH
(iii) Octadec -  cis -  9- enyl hydroperoxide
O c ta d e c -c is -  9 -  enyl hydroperoxide was prepared  s im ila rly  from  
oleyl alcohol (3.13g). The reaction  product was separated by TLC into the 
methyl e ther (14 mg, 7%, ECL 15.3), hydroperoxide (78 mg, 83%,ECL 17.8 
and 20.0) and alcohol (22 mg, 10%, ECL20.0).
The hydroperoxide gave NMR signals a t 0 .88  [^H, t, CH^CH^^ ,
1 .26 2-(CHg) j  , 1 .96 to 2.02 j^H, app. d, -C H gC H =CH ^ , 3.92,
J=6Hz [1 h , t, -C H ^O O ^ , 5,28, J=6Hz j2H, m , -CH =CH - and 8.05 ô 
|lH , s , - O O ^ .
(iv) Octadec -  cis -  9, cis -1 2  -  dienyl hydroperoxide
Octadec -  c is -  9, cis - 1 2 -  dienyl hydroperoxide was prepared  
s im ila rly  from  linoleyl alcohol (1.0 g). The products w ere again the methyl 
e ther (9 mg, 4% , ECL 16.1), the hydroperoxide (85 mg, 40%, ECL 17.4 and 
20.9) and the alcohol (57 mg, 28%, ECL20.8).
The m esylate  showed NMR signals at 0.89 jsH , t, C H ^ C H ^  , 1.33 
2.00 to 2 .06 IjtH, app. d,-C H gC H =CH ^ , 2.73 p H . t,-CH =CH  
CHgCH=CH^ , 2.89 p H , 8 , -  O S O g C ^  , 4.13 p H , t, -CH^OSO^CH^ and
3H, t, CH CH-o
, 2.70
5.29 5  j4H, m , -  C H -C H ^ and the hydroperoxide a t 0 . 88
1.30 2(CH g)^-Q , 1.98 to 2.04 |1 h , app. d,-CH^CH=CR- 
CH=CHCHgCR=CH^ , 3.89 |7 h , t, -C H ^O O :^ , 5.26 |7 h , m , -CH=CH^ 
and 7.98 ô ' j l H ,  s, -O O ^  .
a .
p H , t, -
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C. Alkyl t - butyl peroxides
(i) Octadecyl t - butyl peroxide
Octadecyl methaiisulphonate (186 mg, 0, 53 mmoles) was refluxed 
with potassium  hydroxide (2 mmoles)., t-b u ty l hydroperoxide (1 . 0 m l,
10 mmoles) and methanol (10 ml) fo r 6 h r . The reaction  product purified 
by prep  TLC (PE 10) gave octadecyl t -  butyl peroxide (44 mg, 40%,ECL 17.1 
and 19.2), the corresponding methyl e ther (42 mg, 45%..ECL 14. 9 (and the 
alcohol (7 mg, 8%, ECL 19. 6).
The peroxide showed NMR signals a t 0 .88  j^H, t, CH^CHg^ , 1.16 
Ip l .  s ,-C (C H g )^  , 1 .26 p  and 3 .80 & p H , t.-C H ^ O O B u T
(ii) Octadec -  cis -  9 -  enyl t -  butyl peroxide.
Octadec -  c is -  9 -  enyl t -  butyl peroxide was p repared  sim ila rly  
from  oleyl m esylate (332 mg, 1 mmole). The products form ed w ere  the 
peroxide (42 mg, 26%,ECL 16.7 (unidentified), 17. 8 and 19. 9). accompanied 
by the methyl e ther (38 mg, 28%, ECL15.7) and alcohol (33 m g, 26%, ECL 
20 . 6).
The peroxide showed NMR signals a t 0 .88  jTlI, t, CH^CH J  , 1.16 
p H , s , -C (C H g )^ , 1.26 p ( C H g ) ^  . 1 .95 to 2 .0  p H ,  app. d,-CHgCH=CH^ , 
3 .80 , J=6Hz p H , t, TCHgOoËj and 5.26 S ,  J=6Hz p H , m , -C H = C I0  .
(iii) Octadec -  cis -  9,. cis -  1 2 - dienyl t^  butyl peroxide.
Octadec -  cis -  9, c is  -  12 -  dienyl t -  butyl peroxide was prepared  
from  linoleyl m esylate (152 mg). The products form ed w ere  the peroxide 
(39 m g, 27%, ECL 18. 6 , 20 .8), the methyl e ther (24 mg, 21%,ECL 16.0) and 
the alcohol (18 mg, 16%, ECL 20. 6).
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The peroxide showed NMR signals a t 0. 88 |%R, t, , 1.16
pH , S, -  C(CHgPj , 1.30 p ( C H g ) P | , 2 . 0 - 2 . 0 2  p H ,  app. d,-CHgCH=CIp| ,
3. 8 p H , t, -CHgOOBu^ and 5. 26 6  p H ,  m , -C H = C 0  .
(iv) T r id e a -  2 -  enyl t -  butyl peroxide
T ridec -  1 -  ene (4. Og, 22 mmoles) treated with N-byom osuccinim ide 
(4.0 g, 0.02 mol) and benzoyl peroxide (0. 05 mg) gave a product (4.7 g) which 
was 90% monobromide by GLC. A m ixture of this monobromide (1.3 g,
5 mmoles) cyclohexene (0,8 g, 10 m m oles), tétram éthylam m onium  hydroxide 
(450 mg, 5mmoles), ace ton itrile  (150 m l, 80%aqueous) and t-b u ty l 
hydroperoxide (3.25 g, 3 m m oles) was allowed to stand at room  tem perature 
fo r two days. This m ixture was then diluted with w ater (3 volum es), acidified 
(IM hydrochloric acid) and extracted  with PE  20. The peroxide (698 mg,
57%) was purified by column chrom atography being eluted from  silica  with 
PE  5.
The peroxide gave NMR signals a t 0. 88 j^H, t, CH^CH-^ , 1.18 
p H , s,, -C (C H g )J . 1. 26 p ( C H g ) ^ ^  2 . 0 - 2 . 0 6  p H ,  app. d ,-C H g C H -C I^  , 
4 .23 p H , app. d, -CH^OOBu^ and 5.52 6  p H , m , -C H = C I0  .
D. Cyclohexenyl peroxides
(i) Cyclohexenyl hydroperoxide
Cyclohexene (12 . 6 g, 0 .15 mol), benzoyl peroxide (0.25 g), 
N -brom osuccinim ide (18. 0 g, 0 .1  mol) and carbon te trach lo ride  (75 ml) 
w ere reacted  to give 3-brom ocyclohex-2-ene (9.7 g, 65%). A m ixture of 
3-brom ocyclohex-2-ene (345 mg), hydrogen peroxide (1.2 m l, 20 m m oles), 
pyridine (0.35 m l, 4 m m oles) and sufficient ace tonitrile  (/v3 ml) to make
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the m ixture homogeneous was kept at room  tem perature fo r 3 h r and then 
acidified (IM hydrochloric acid) to pH 4 and extracted with e ther ( 4 x 5  m l). 
The ex trac t containing ace ton itrile , cyclohex-2-enyl hydroperoxide, a le ss  
polar im purity and cyclohex-2 -enol was purified by prep TLC (PE 20). The 
hydroperoxide (36 mg, 46%) gave two peaks on GLC corresponding to 
cyclohexenone and cyclohexenol and showed NMR signals a t 1.68 j2H, m , -  
CHgCH^CHg^ , 1.96 |4H , m , =CHCH^ and -C H ^O O ^ , 4 .36  |m ,  m ,
, 5.60 I^H, m ;= C H C H g^ , 5.96 |%H, m , =CHCHOOH^^CHOOH 
and 9 .06Ô IH, b. s , -O O j^  . Cyclohexenol (20 mg, 29%) gave NMR signals
at 1.24 | S ,  m , -CHgCHgCH^2 ’ ^- 96 ^ H ,  m , =CHCH^ and -C H ^O ^ ,
3.33 ^ H , s , ' ^ 0 ^  , 4 .04  | l H ,  m ,- C H O ^  , 5.54 Q.H, ni, = C H C H ^ 
and 5.76 6  |T h , m , = C H O ^ .
(ii) Cyclohex -  2 -  enyl t -  butyl peroxide.
Cyclohex -  2 -  enyl t -  butyl peroxide was p repared  in the sam e way as 
the hydroperoxide but t -  butyl hydroperoxide was substituted for hydrogen 
peroxide.
Bromocyclohexene (466 mg), t-b u ty l hydroperoxide (2 m l, 20 m m oles) 
and pyridine (0. 5 m l, 6 m m oles) w ere reacted  at room  tem peratu re  oyernight. 
Cyclohex“ 2 -  enyl t-b u ty l peroxide (96 m g, 51%) was extracted  with hexane 
and isolated by prep TLC (PE 10). The by product was again cyclohexenol.
The peroxide gave NMR signals a t 1 .2  j^H, s , C(CHgQ , 1 . 3 4  
j in ,  m , -CHgCH^CHg^ , 1. 98 |4H , m , =CHCHg and C H ^C H O O B ^ ,
4,26 |lH , app. d,~CHOOBi^ , 5.58 |Th , m , = C H C l^  and 5.90 ô  
jlH , m , =CHCHOOBi^ .
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